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\ 16. Page I I 1st para., last sentence: The word “operations” is not spelled correctfv. 

Spelling has been corrected. 

17. Page 14,6thpara., 3rd line: The sentence ‘l... subject to “goal” st&& a qunl@er that ...” 
should be changed to read “... subject to narrative tempormy md$lc:ztions and god qualifiers 
that ....I* 

Text has been revised as quested.  

18. Page 14,6th para., 5th line: After the sentence “... classified use.” the following sentence 
sbuld be added: At the October meeting, DOEIEG&G will ask for an extension of these goal 
qualflers and temporary modifcations and to revise the site-specific organic smndardr to 
achieve consistency with the statewide numeric standards for organic chemicals. 

Text has been revised as requested. 

Connection Control Program in this section. 
19. Page IS, Compliance Issues Section top of page: T k r e  should be (I discussion of the Cross- 

The following text has been added as requested 

In May 1990 the RFP established the Cross Connection Connol Program to meet 
commitments made by the DOE to the CDH to ensure that RFP fully complies with the 
Colorado Primary Drinking Water Regulations (CPDWR) pertaining to cross connections. A 
cross connection exists when a drinking water supply is connected to a possible source of 
contaminated water without a n  approved backflow preventor device to stop backflow or 
backsiphonage of polluted water into the drinking water system. During 1991 the KFP was 
not in compliance with the CPDWR regarding cross connections; however, work on the 
p r o w  is continuing and EG&G Plant Engineering has made the commitment to provide 
semiannual progress reports to the CDH. 

changed to read “... regulatory provisions, including some wates subject to land disposal 
restn‘crions.” 

20. Page 15,5th para., 6th sentence: The sentence “... regulatory provisions,” should be 

Text has been revised as requested. 

“The wind generally blows downslope from the mountains to the plains at night; however, 
dcrynme wind directions are nun-preferential {Fig. 3.1 41.” 

2 I .  Page 35,2ndpara., 4th line: The sentence “The wi nd... at nig,’ should be changed to read 

Text has been revised as requested. 

22. Page 41,2ndpara., last line: Shouldn’t this year be 1991 instead of 1990? 

Dare has been corrected to 1991. 

23. Page 62, lstpara., 6th line: The sentence “Carbon ,f adsorytion facilities ...” should be changed 
to “Carbon a&orption d,filrration facilities .... 





e- . 

1 Text has been revised as requested, 

2.” 
24. Page 62,2m*para,, 5th line: The “C-1” in this sentence and the next sentence should be “C- 

Text has been revised as requested. 

25. Page 62,2rUipara., last line: This sentence should be brokeir with a period Mer lL... tritium.” 
and the new sentence should read “Daily samples are composited weekly for plutonium, 
wm’um ana‘ americium analysis.” 

Text has been revised as requested. 

26. Page 63, Srdpara., 3rd line: Change senience “... data collection rather than 
characterization ...” to read “data collection ana‘ additional characrerization ....” 

Text has been revised as requested. 

however, Table 3.3-3 shows resultsfrom samples taken during discharge in 1991. 

As shown in their titles, Table 3.3-2 reflects discharges from January through April 1 9 9 1  and 
Table 3.3-3 reflects discharges from April through December 1991. For further clarificarion, 
Table 3.3-2 text for Item Discharge 007 has been revised to read: There were no discharges 
January through April 1991. 

questions as to whether caliche layers are developed in this m e r .  In addition, the caliche 
layer at RFP is often not imperviom and &finitely not continuous. 

Referenced sentence has been deleted 

27. Page 64, Table 3.3-2: Item Discharge 007 states rhat there was no discharge in 1991; 

. 
- 1  - 28. Page 76,2ndpara., 4th line: This sentence should be dropped; there are some serious 

29. Page 76, Table 3.4-I: Proper scientific notation should be used on this table; e$., 1 x IO-5. 

Table has been revised as requested. 

quarrerly measurements. 

Text has been revised as requested. 

30. Page 78, last para., 1st sentence: Monthly water level measurements have been changed to 

3 1. Page 79, Table 3.4-3: Fluoride is missing from this list. 

Fluoride has k e n  added to the list. 

Footnote e has oeen rnOdifllt4 ;o iead. 
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Dissoived radionuclides replaces total radionuclides (except tritium) beginning with the third 
quarter 1987; however, total Pu and Am were collected starting in third quarter 1990. 

huwever, orrhophosphates were analyzed in 1990 and 1991. 

. ?  
33. Page 79, Table 3.4-3: Under “NOTES” it stus that phosphates were analyzed in 1986 only; 

Text has been modified to read: 

Total suspended solids and phosphates were analyzed in 1986 only; orthophosphates were 
analyzed in 1990 and 1 9 9 1 .  

34. Page 133: Haven’t there been any activities that occurred in I991 for  OUs 12 through I6 that 
can be shown here? This reflects a relative lack of progress. 

Initial remedial investigations for OUs 12 through 16 were originally scheduled to begin at the 
end of  1991 but were deferred to 1992 because of budget uncertainties; therefore, text has not 
been modified. 

35. Page 149,4thpara., 3rd line: The sentence “to reflect actual potential...” sbuld read ‘r... to 
reflect potential.. . . ” 

Text has been revised as requested, 

have not offscialIy been amended until the Ucruber 1992 hearing. 
36. Page 197, Table €3-5: Remove the subtitle “As Amended - October 30,1991 ,I’ RFP standards 

Subtitle has been deleted as requested 

37. Page 197, Table B-5: These stadur& are actual standards for Segment 4 of Big Dry Creek 
and are goal qualifiers for Segment 5 of Big Dry Creek. Therefore, the subtitle “Goal 
Standards, Segment 5 of Big Dry Creek” is not correct. 

Subtitle has been changed to “Goal Qualifiers, Segment 5 of Big Dry Creek” 

3 8. Page 197, Table B-5: Since the units column is in mgll the standard for mercury is .00001 
mgll rather than .OI. 

Text has been revised as requested. 
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PREFACE  
This report provides information to the public about the impact of the Rocky Flats Plant on the 
environment and public health. The report contains a compliance s u r n m q ' ,  a description of 
environmental monitoring programs, and radiation dose estimates for the surrounding population 
for the period January 1 through December 31, 1991. Currently, general content and format for 
this report are specified by Department of Energy Order 5400.1. 

An environmental surveillance prongam has been ongoing at the Rocky Flats Plant since the 1950s. 
Early programs focused on radiological impacts to the environment. The current propam not only 
examines potential impacts to air, surface water, groundwater, and soils from radioIogica1 and 
nonradiological sources, but also includes ecological studies and environmental remediation 
programs. 

Environmental operations at Rocky Flats Plant are under the jurisdiction of several local, state, and 
federal agencies, most notably the Colorado Department of Health, Environmental Protection 
Agency, and Department of Energy. A variety of reports are prepared at different intervals for 
these and other agencies in addition to the annual environmental report. A list of these reports is 
given in Section 3, Table 3-1. 





EXECU W E  SUMMARY 

The R ~ k y  Flats Plant Site Environmental Repon for 1991 contains a compliance summary, resulrs 
of environmental monitoring, other environmental studies and programs, external gamma radiation 
dose monitoring, and radiation dose assessments. This section is an overview of these topics and 
summarizes more comprehensive discussions found in the main text of the report. 

COMPLIANCE SUMMARY 

Nafional Environmentuf Policy Act (NEPA) 

A Notice of Intent (NOD for the Plutonium Recovery Modification Project Environmental Impact 
Statement (PRMP 13s) was published in the Federal Register on May 30, 1990. Public scoping 
meetings were held on June 18 and 20, followed by a 45-day comment period. A draft 
Implementation Plan for the PRMP EIS was completed in November 1991. 

The NO1 for the Programmatic Environmental Impact Statement (PEIS) on the Integrated 
Environmental and Waste Management Program was published in the Federal Regisrer on October 
22, 1990. A public scoping meeting was held on January 23, 1991, and an Implementation Plan is 
under development. 

The NO1 for an RFP Sitewide EIS was published in the Federal Regisrer on March 13 ,  1991. 
Public scoping meetings were held on April 4, 8, and 11, 1991; comments were accepted through 
April 19, 1991. 

The Environmental Assessment (EA j for the Interim Remedial Action/Environmental Assessment 
for Operable Unit 2 (OU 2) (903 Pad, Mound, and East Trenches Areas) was prepared. A Finding 
of No Significant Impaci (FONSI) for this proposed action was received on March 7, 1991. 

Preparation of an EA for the Dewatering and Resource Conservation and Recovery Act (RCRA) 
Partial Closure Action on solar Evaporarion Ponds began in 1990. The EA was approved on 
February 21, 1991, and a FONSI was received on June 17, 1991. A Notice of Availability was 
published on August 9, 1991. 

Development of EAs were initiated for five additional faciliries/operations in 1991 and are in 
various stages of preparation and review. 

Endungered Species Acf, Fish and Wildlife Coordination Act, Migratory Bird 
Treaty Acf, and Executive Order I I990 (Prutection of Wetlands) 

Or, August 23, 1991, a public Notice of Wetland Involvement was published i n  the Federal 
Reyisrer according to Code of Federal Regulations 10 CFR 1022. Biological survey and habitat 
re-~sns were prepared for the South Interceptor Ditch and 881 HiIIside French Drain in October and 
November 1991, respectively. 

... 
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Clean Air Act ( C W  

The Environmental Protection Ayency’s (EPA) National Emissions Standards for Hazardous Air 
Pollutants (NESHAPs) set a yearly limit of 10 millirem per year (mrem/yr) effective dose 
equivalent (EDE) to any member of the public. Radionuclide air emissions from RFP are within 
the required limits. 

The RFP’s radionuclide emissions monitoring systems are not in full compliance with EPA’s 
monitoring requirements; however, the currently existing monitoring deficiencies are not likely to 
cause emissions to be underestimated. RFP is responding to a Compliance Order (issued to RFP 
by EPA Region VIII) that requires compliance with the effluent monitoring requirements of 
4OCFR6 1.93( b). 

The calculated beryllium discharged from RFP in 1991 was 7.1 ,grams (g) compared to the daily 
stationary source limit of 10 g over a 24-hr period set by Colorado Air Quality Control 
Regulation #8. 

RFP submitted Air Pollution Emission Notices (APENs) to the Colorado Department of Health 
(CDH) for 97 process and support buildings. APENs are required by Colorado Air Quality 
Control Regulation #3 as part of an application for a new or modified emissions source releasing 
any contaminant classified as odorous, hazardous, or toxic. 

Air Quality Control Regulation #7 requires that all existing sources that generate volatile organic 
compounds (VOCs) submit to the CDH a report that provides an inventory of VOC data. RFP 
submitted the Volatile Organic Compound (VOC) Emission Reporr to CDH in December 1991. 

Clean Water Act (CWA) 

The National Pollutant Discharge Elimination System (NPDES) permit for RFP expired in 1989 
but was extended administratively until renewed. An application was filed with the EPA and an 
updated renewal application is scheduled to be submitted in mid-1992. No Notices of Violation 
(NOVs) were received in 1991 for violation of NPDES standards. 

An NPDES Federal Facilities Compliance Agreement (FFCA) was signed on March 25, 1991, 
between the Department of Energy (DOE) and the EPA Region VIII. This a,oreement involved (1) 
changes to NPDES monitoring requirements and (2) submittal of three compliance plans: 
Groundwater Monitoring Plan for the STP Sludge Drying Beds, STP Compliance Plan, and 
Chromic Acid Incident Plan and Implementation Schedule, and (3) submittal of Quarterly Progress 
Reports to the EPA that update the status of projects within each plan. A Vadose Zone Monitoring 
Plan was submitted to EPA and approved in June 1991. The STP Compliance Plan, submitted to 
EPA in July 1990, includes planned improvements to be implemented in phases during 1992 and 
1993. A draft Chromic Acid Incident Plan was submitted to EPA in November 1990; a number of 
proposed actions have been completed and a final plan was submitted to EPA during March of 
1992. 

The Spill Prevention Control and Countermeasures/Best Management Practices Plan (SPCC/BMP) 
is a compilation of particular requirements for control of hazardous substances arid spills. A draft 
of the SPCC/BMP was generated in October of 1991. A second draft is expected by July 1992 
and a f i n d  SPCCDMP by October 1992. 



In September 1991, the Colorado Water Quality Control Commission (CWQCC) agreed to hear a 
petition by  DOE to reconsider the classification of Segment 5 (which includes tributaries from 
source to ponds A-4, B-5, and C-2) of Big Dry Creek. Segment 5 is currently subject to narrative 
temporary modifications and goal qualifiers; this indicates that the waters are presently not fully 
suitable but are intended to become fully suitable for classified use. The CWQCC must take action 
on these standards before February 1993, or standards now established for Segment 4 (from pond 
outlets to Standley Lake and Great Western Reservoir) will apply to Segment 5. The hearing is 
scheduled for October 1992. 

The EPA conducted a Compliance Evaluation Inspection on June 21, 1991, to review the findings 
of the Compliance Sampling Inspection of February 27-28, 1990. No deficiencies were found. 

Toxic Substances Control Act (TSCA) 

One %-gallon drum of nonradioactivity-contaminated polychlorinated biphenyi (PCB) waste was 
shipped offsite for disposal in 1991. Disposal sites for radioactivity-contaminated PCB wastes are 
unable to receive RFP waste at this time; therefore, RFP is storing 177 drums containing such 
waste beyond the 1-year storage time limit. 

Resource Conservation and Recovery Act (RCRA) 

The RCRA Part A permit application for hazardous and low-level mixed waste was revised twice 
in 1991. Revision 7, requesting a change to interim status to operate certain Non-Destructive 
Assay (h?)A) areas and to correct several EPA waste code listings, was submitted to CDH in June 
1991 and is pending CDH approval. Revision 8, which included the new Toxicity Characteristic 
Leaching Procedure EPA codes and two Size Reduction facilities, was submitted in July 1991 and 
is also pending CDH approval. 

In August 1991 the Part A permit application for hazardous and low-level waste and the Part A 
permit application for TRU mixed waste were submitted to CDH as the Combined Hazardous 
Waste, Low-Level Mixed Waste and TRU Mixed Waste Part A permit application. CDH approved 
some of the changes requested in this Com bined Part A in August 199 1 ; other changes are pending 
CDH approval. Two other changes to interim status, including requests to supercompact low-level 
mixed waste and to enhance evaporation at the solar ponds, were requested in a letter during 1991. 

The Part B Operating Permit for 9 of 20 hazardous and low-level mixed waste storage units was 
issued by CDH in September 1991 and became effective in October 1991. In 1989, CDH issued a 
Notice of Intent to Deny (NOD) for the remaining 11 storage units. RFP submitted a revised Part 
B permit application in March 1990; this additional information is under review by CDH, as is the 
Part B permit application for TRU mixed waste. 

The Inter-Agency A,mement (IAG) requires RCRA Facility Investigations/Remedial Investigations 
(RFI/RI) work plans to characterize the source of contamination and the soils of an interim s?a&us 
closure unit. Draft Phase I RFI/RI work plans were submitted to CDH and EPA for the Solar 
Evaporation Ponds (OU4), Present Landfill (OU7), Original Process Waste Lines (OUS), and 
Wesr Spray Field (OU11) in 1990, and for Other Outside Closures (OU 10) in 1991. The 1990 
RCRA Annual Groundwarer Monitoring Report for OUs was submitted to CDH and EPA on 
March 1, 1991; the 1991 RCRA report was submitted on March 1, 1992. The CWQCC held 
hearings to determine whether the RFP groundwater should be subject to site-specific standards 
and classifications; promulgation of standards and classifications occurred on March 15,1991, and 
became effective on April 30, 199 1. 
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In 1991 RFP filed 35 RCRA Contingency Plan Implementation Reports with CDH. These repons 
described the nature and magnitude of releases, an assessment of actual or potential hazards to 
human health or the environm&t, and actions taken to remediate contaminated-areas. 

In 1991 RFP notified the National Response Center (NRC) of four releases to the environment of a 
hazardous substance that equaled or exceeded the reponable quantity. All involved small quantities 
of ethylene glycoVwarer mixtures that were immediately cleaned up. No notifications were made to 
the Local Emergency Planning committee (LEPC) or State Emergency Response Center (SERC) 
because exposure was limited to persons within plant boundaries. 

A Waste minimization Program Plan and Pollution Prevention Awareness Plan, was submitted to 
EPA and CDH on September 10,1991. 

TRU waste production increased slightly from 77 m 3  in 1990 to 79 m3 in 1991. Low-level waste 
producrion declined from 1830 m j  in 1990 to 1534 m 3  in 1991. Hazardous nonradioactive waste 
generation decreased from 69 m3 in 1990 to 53 m3 in 1991, representing a 23 percent reduction. 
An  oil conservation project was initiated i n  1991 as was another project to abate releases of 
chlorofluorocarbons to the atmosphere from plant refrigeration and air conditioning systems. 
Garage oil, solvents, and machine coolant were recycled for fuel blending during 1991. In 1991, 
the amount of recycled paper increased 62 percent over paper recycled in 1990. Actions were 
initiated in 1991 to reduce water usage by 7.8 million gallons per year and to reduce cafeteria waste 
disposal in the sanitary landfill. 

On November 3,1989, the DOE, CDH, and EPA signed a Settlement Agreement and Compliance 
order on consent No. 89-10-30-01 regarding alleged violations of the RCRA hazardous waste 
regulations pertaining to proper waste management of residues. RFP submitted a series of 
documents in; compliance with this order, the last of which was the Mixed Residues Compliance 
Plan (September 28, 1990). On July 31, 1991, the CDH issued to RFP Compliance Order No. 91- 
07-3 1-01 , which indicated that the Mixed Residues Compliance Plan was inadequate and, 
therefore, violated the November 1989 order. On August 1, 1991, the CDH filed a complaint in 
court, alleging that the DOE had submitted an inadequate plan in violation of the November 1989 
order and directing the DOE to meet terms of the order. Compliance Order No. 91-07-31-01 
specifies a schedule for removing all backlog mixed residues from RFP by January I ,  1999, and 
specifies a schedule by which those residues will be brought into compliance with the Colorado 
Hazardous Waste Regulations. Activities are in progress to meet those requirements and to 
negotiate a Consent Order for the management of mixed residues. 

FFCA-II (an expansion ofthe original FFCA signed in 1989) was signed on May 10,1991, by the 
EPA and DOE. This new agreeinen:, valid for 2 years, provides :he mechanism for DOE to 
achieve compliance with the LDR portion of the RCRA regulations. FFCA-I1 requires submittal of 
six reports and plans; one was submitted in September 1991 and the remaining five are scheduled 
to be completed in 1992. 

Inter-Agency Agreement (IAG) 

The IAG was renegotiated early in 1990 following receipt of public and agency comments. The 
final agreement, reached in January 1991, was revised to increase the number and priority of 
Operable Units (OUs). Section 4, Environmental Remediation Programs, describes remediation 
activities accomplished during 199 1. 
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Emergency Planning and Community Right-to-Know Act (EPCRA) 

IR 1991 there were no reportable releases of extremely hazardous substances or CERCLA 
hazardous substaxes that posed a potential impact beyond RFP boundaries; therefore, no 
reporting was required under Section 303 of SARA. 

The RF? submitted the "Tier I1 Emergency and Hazardous Chemical Inventory Forms" report to 
emergency planning agencies for the State of Colorado. Jefferson and Boulder counties, and the 
RFP Fire Department in 1991. This report is required under Section 312 of EPCRA and Iists 
quantities and locations of hazardous chemicals. 

The RFP submitted the "Toxic Chemical Release Inventory" (Fom Rs) to EPA in 1991 as required 
under Section 313 of EPCRA. This report contains information on quantities of routine and 
accidental releases of chemicals, maximum amount of chemicals stored, and amount of chemicals 
contained in wastes transferred offsite. 

Agreement in Principle 

An .4greement in Principle (AIP) was executed berween DOE and CDH in 1989. Part of that 
agreement required the CDH to conduct the Rocky Flats Toxicological Review and Dose 
Reconstruction study. This study progressed during 1991; a draft report was completed in 
Febrmy 1992. 

Special Assignment Team 

A Special Assignment Team w2s mobilized in 1989 by DOE to provide an independent evaluation 
of operations and practices at RFP. Tne environmental portion of the audit focused on 
determining whether RFP activities created an imminent threat to the public or environment, 
whether operations were conducted in accordance with environmental requirements and best 
management practices, and the status of previously identified environmental concerns. Findings of 
this evaluation were addressed in 93 action plans that described corrective measures. A s  of 
December 1991, 34 action plans were complete, 29 plans were in verification, 28 plans were open, 
and 2 plans were scheduled for completion. 

Seftlernent Agreemenf (Church vs. DOE, ef a/.) 

A sctlement agreement among DOE, The Dow Chemical Company, Rockwell International, local 
go-:ernments, and private landowners was reached in July 1985, requiring remediation actions to 
reduce plutonium contamination on areas adjacent to the RFP eastern boundary. Approximately 
120 acres of land have been neated by plowing, tilling, and seeding; plutonium levels are now 
within state limits. Revegetation measures were conducted on plowed areas during 1991. 

METEOROLOGICAL MONITORING 

>lean wind speeds at PZP in 1991 were 8.7 miles per hour (rnph). The maximum wind speed 
- zust was 83.7 mph. Winds, as categorized by Pasquill stability classes, were 46.2 percent 
neutral, 42.63 percen? stable, and 11.15 percent unstable. The mean temperature in 1991 was 
49.17 "F and the minimum 2nd maximum temperatures were -5.8 O F  and 91.6 OF, respectively. 
W P  recorded 16.06 inches (in.) of precipitation in 1991. 
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AIR MONITORING 

Effluent Air Monitoring 

Plutonium and uranium discharges totaled 0.873 microcuries (@) (3.33 x 1c); becquerels [Bq]) 
and 1.631 pCi (6.035 x 1 0 4  Bq), respectively. Maximum sample concentration for plutonium was 
0.0003 x 10-12 microcuries per milliliter (FCi/ml) and for uranium was 0.0005 x 10-12 pCi/mI. 
Americium discharges totaied 0.150 pCi (0.422 x 104Bq) and the maximum concentrarion was 
0.0006 x 10-12 pCi/ml. Total amount of tritium discharged w3s 0.004s Ci (1.77 x 108 Bq). 
Maximum mtium concentration was 94 x 10-12 pCi/mI (3.48 Bq/m3). Total quantity of beryllium 
discharged from ventilation exhaust systems was 7.086 gams (g) and the maximum concentration 
was 0.0018 micrograms per cubic meter (pg/m3). Radionuclide releases did not exceed NESHAP 
limits based on computer modeling using the AIRDOSPC comp!iter code. 

Nonradioactive Ambient Air Moniforing 

The maximum tot31 suspended particulate (TSP) value (24-hour [hr] sample) was 82.3 pgrn3 and 
the annual geomemc mean value was 39.8 pg/m3. The maximum Particulate Matter-10 (PM-10) 
value (24-hr sample) was 26.3 pg/m' and the annual arithmetic mean was 13.6 pg/m3. n e  annual 
geometric mean for TSP and arithmetic mean for PM-10 samplers were 66.3 percent and 27.3 
percent, respectively, of the National Ambient Air Quality Standards (NAAQS). 

Radioactive Ambient Air Monitoring 

Overall mean plutonium concenEation measured for onsite samplers was 0.073 x 10-15 pCi/ml 
(2.7 x 10-6 Bq/m3), equal to 0.36 percent of the Derived Concenuation Guide (DCG). Overall 
mean plutonium concentrations for perimeter and community locations were 0.001 x 10-15 pCi/ml 
(3.7 x 10-8 Bq/m3) and 0.001 x 10-15 pCi/rnl (3.7 x 10-8 Bq/m3),. respectively. These values were 
both 0.005 percent of the offsite DCG. 

SURFACE WATER MONlTORlNG 

Rocky Fiats Plant Sife Surface Water Monitoring 

Maximum volume-weighted average concentrations and percent of DCG for plutonium, uranium, 
americium, and tritium of sampled effluents from North and South Walnut Creeks and Woman 
Creek were: 

Surface Water Effluents Percent 
Average Concentrations o f  
m- 9- I2L% 

Plutonium (Pond C-I) 0.017 i 0.010 0.06 

Uranium-233,234 (Pond C-2) 0.85 2 0.09 0.17 

Uranium-238 (Pond C-2) 1.00 ? 0.10 0.17 

Americium (Pond A-4) 

Tritium (Pond C-2) 

0.010 L 0.006 0.03 

81 I 45 0.0 
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Mean concentrations and percent of DCG for plutonium, uranium, americium, and tritium for 
samples of raw water taken from Ralsron Reservoir and South Boulder Diversion Canal were: 

Plutonium 

Uranium-233,234 

Uranium-238 

Raw Water Supply Percent 
A vera g e Con c e n t r a t i on s o f  

-10-9- I)cc 
0.016 I 0.034 0.05 

0.09 0.44 F 0.16 

0.37 I 0.13 0.06 

Americium 0.019 2 0.021 0.06 

Tritium -19 F 53 0.00 

Community Surface Water Monitoring 

Maximum average reservoir/canal concentrations and percent of DCG for plutonium, uranium, 
americium, and tritium from samples of public water supplies from several surrounding 
communities were: 

Maximum Average Percent 
Reservoir Concentrations o f  

-9 U C i l U  I2Lc% 
Plutonium (S tandley) -0.003 k 0.009 -0.01 

Uranium-233,234 (Great Western) 0.52 ? 0.14 0.10 

Uranium-238 (Standley) 0.57 F 0.12 0.10 

Americium (Great Western) 0.02 0.005 f 0.007 

Tritium (Dillon) 147 k 182 0.01 

Maximum average dnnking water concentrations and percent of DCGs for plutonium, uranium, 
americium, and tritium from samples of drinking water from several surrounding communities 
were: 

Maximum Average 
Drinking Water Percent 
Concentrations o f  
U9UCl.mll  ‘f I?CG 
0.011 f 0.017 0.03 Plutonium (GoIden) 

Uranium-233,234 (Thornton) 

Uranium-238 (Thornton) 

Americium (Westminster) 

1.31 s 1.04 0.26 

1.03 ? 0.76 0.17 

0.004 2 0.005 0.01 

Tritium (Denver) 
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GROUNDWATER MONlTORlNG 

The uppermost hydrostratigraphic u n i t  within OU 1 (881 Hillside) that includes alluvial and 
subcropping bedrock material is contaminated with vol~tile organic compounds (VOCS:I. 
inorganics (including some metals), and ele\ued levels of u r a i u m .  Organic contaminants detected 
in the highest concentrations in 1991 were mchloroethene (TCE), 1, I - dichloroethene, a i d  I , ] ,  1 - 
trichloroethane (TCA). Concentrations of VOCs diminish rapidly downgradient, becoming equal 
to or below detection limits (5 ps/i) within 200 feet (ft) of the suspected origin of contamination. 

Groundwater i n  the upper hydrostratigraphic un i t  within OU 2 (903 Pad, Mound. and Esst 
Trenches Area), which is composed of alluvial materials and shallow subcropping sandstones, is 
contaminated with VOCs, inorganics, dissolved metals, 2nd some radionuclides. Contaminants of 
most concern are VOCs; those detected in 1991 include tetrachloroerhene and mchloroethene. 
Investigations are underway to characterize these plumes and magnitude and extenr of 
contamination. 

Dissolved radionuclides detected in surficial wells downgradient and in the immediate vicinity of 
the Solar Ponds (OU 4) during 1941 included uranium-233, -234 (as high as 1.052 x 10-7 
pCi/ml), uranium-235, -238 (7.470 x 10-8 pCi/ml), and tritium. Total iadionuclidEs detected in 
the uppermost aquifer include americium-241 (1 3 6 0  x 10-10 pCi/ml) and in one well. plutonium- 
239, -240 (3.790 x 10-10 pCi/ml). VOCs detected in surficial wells in the vicinity of the Solar 
Ponds include trichloroethene, tetrachloroethene, carbon tetrachloride, chloroform, and several 
others. 

Within the confines of the Present Landfill (OU 7) groundwater is contaminated with VOCs. 
radionuclides, and concenrrations of metals and inorganic anaiytes higher than in upgradient wells. 
Dissolved radionuclides dctected in 1991 in and adjacent to the landfill include =inurn (up to 1 . 8 3  
x 10-6 pCi/ml), strontium-89, -90 (1.1 17 x 10-8 pCi/rnl), uranium-233, -234 (up to 3.22 x 1 0 - 8  
pCi/ml), uranium-235 (G~I to S.0 x 10-10 pCi/ml), uranium-238 (up to 2.05 x 10-8 pCi/ml), and 
radium-226 (up to 7.7 x 10-10 pCi/ml). To:al radionuclides detected include americium-241 (up to 
8.0 x 10-11 pCi/ml), cesium-137 (1.06 x 10-9 uCi/ml), and plutonium-239, -240 (up to 1.8 x 10- 
10 pCi/ml). Radionuclides were detected in a wide area across the landfill site. Detections of 
VOCs in 1991 occurred primarily in wells in the southern portion of the landfill. A number of 
different compounds were derected including carbon tetrachloride, trichloroethene, and ~ ~ t r a -  
chloroethene. N o  VOCs were detected in the uppermost aquifer downgradient of the lsndfill in  
1991. 

Within and adjacent to the West Sprzy Field (OU 7), groundwxer quality has beer, impactec by 
VOCs, dissolved radionuclides, a few dissolved metals, and inorganic analytes. VOCs detected 
include TCE, hUBK, and toluene at levels just above the detection limit. Dissolved radionuclides 
detected include uranium-233, -234 (up to 1.62 x 10-9 pCi/ml), and uranium-238 (up to 7.15 x 10- 
9 pCVm1). Total radionuclides in the uppermost aquifer within the West Spray Field inclucied 
americium-241 (up to 9.6 x 10-11 pCi/ml), and plutonium-239 (3.47 x 10-10 pCilm!j. Inorgznic 
analytes detected at elevated levels within the M'est Spray Field include fluoride, chloride, 
bicarbonate, sodium, sulfate, nitratehitrile, orthophosphate, and total suspended solids. 
Assessments made in 1991 conclude that waste managemeni activities contributed IO the presence 
of these inorganic compounds at OU 7. 



SOIL MONITORING 

Plutonium concentrations from samples taken ar a I -mile (mi) rsdius from RFP ranged from 0.04 
picocuries per gram (pCi/g) to 9.76 pCi/g in 1991. Soils sampled a[ a ?-mi radius exnibired 
plutonium concentrations of 0.01 pCi/g to 3.61 pCi/g. Of the soil samples raken, rhose from rhe 
eastern portion of the buffer zone recorded the highest plutonium concentrations: site 1-000, 1.49 
pCi/g; site 1-108, 9.76 pCi/g; site 1-126, 2.13 pCi/g; and site 2-090, 3.61 pCi/g. 

ECOLOGICAL STUDlES 

Baseline Studies, Radioecological Investigations, and Environmental Evaluations occurred as part 
of the ecological studies p r o ~ a m s  in 19911: Information gathered on the presence, abundmce, ’and 
distribution of aquatic and terrestrial vegetation and wildlife is used to measure the impacts of 
various intrusive activities on these natural resources and compIy with the National EnviroIimental 
Policy Act (NEPA), 40 CFR parts 1500-1508 and 10 CFR Parr 1021, and DOE Order 5340.1D, 
“National Environmental Policy Act Compliance Pro,mm.” 

ENVIRONMENTAL REMEDIA rIoN PROGRAMS 

Environmental Remediation Programs were established to comply with regularions for 
characterization and cleanup of inactive waste sites at RFP. DOE, CDH, and the EPA signed rhe 
Inter-Agency Agreement (IAG) in January 1991, which gives schedules and budgets for 
environmental remediation. The IAG addresses details on specific requirements that must be mer 
during the CERCLA and RCRA processes being employed for assessment and remediation of 
identified Individual Hazardous Substance Sites (IHSSs) on or adjacent to the RFP. Tnese !78 
MSSs have been categorized into 16 Operable Units (OUs). These OUs, along with activities 
therein during 1991, are detailed in Section 4, “Environmental Remediation Programs.” 

EXTERNAL GAMMA RADIATION DOSE MONITORING 

-4verage annual dose equivalents measured onsite, in perimeter environs, and in nearby 
communities were 122, 109, and 120 millirem (mrem), respectively. These values are indicative 
of backgound gamma radiation in the area. 

RADlA TION DOSE A.TSESSMENT 

Maximum radiation dose from all pathways to a hypothetical individual continuously present at the 
sire boundary was 3.2 x 10-1 mrem effective dose equivalent (EDE). The maximum radiation dose 
to an individual from RFP air emissions of radioactive materials, as determined by the AIRDOS- 
PC meteoroiogical dispersion/radiation dose computer code, was 4.4 x 10-5 mrem EDE from 
measured building air emissions and 9.3 x 10-3 mrem EDE from estimated soil resuspension. 
Collective population dose to a distance of 50 mi was estimated as 0.9 person-rem EDE. 
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7 .  INTRO DUCT10 N 
The Rocky Flats Plant (RFP) is part of a nationwide nuclear weapons research, development, and 
production complex administered by the Rocky Flats Office (WO) of the United States Deparunent 
of Energy (DOE). The primary mission of RFP is the fabrication of nuclear weapons components. 
EG&G Rocky Flats, Inc., was the prime operating contractor for RFP in 1991. This section 
includes information on the RFP site environment and operations. 

ROCKY FLATS SlTE ENVlRONMENT 

The Rocky Flats Plant (RFP) occupies an area of 6,550 acres in  northern Jefferson County, 
Colorado, approximately 16 miles (mi) northwest of Denver (Figure 1- 1). Main production 
facilities are located near the center of RFP within a fenced security area of 384 acres. The 
remaining plant area contains limited support facilities and serves as a buffer zone to major 
production areas (DOE80). (Note: Literature citations abbreviated within this report are alphabeti- 
cally listed in the References section.) 

Approximately 2.1 million people live within a 50-mi radius of RFP. Adjacent land use is a 
mixture of agriculture, open space, industry, and low-density residential housing. 

0 N I O  

Boulder rsa/ 

Figure 1-1. Area Map of RFP and Surrounding Communities 
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CIim ate 

TIC climate at RFP is characterized by dry, cool winters and warm summers. Elevation and major 
topographical features significantly influence climate and meteorological dispersion characteristics 
of the site. Winds, though variable, are predominately northwesterly. Annual precipitation 
averages slightly greater than 15 inches (in.) with more than 80 percent occumng between April 
and September. Maximum and minimum temperatures average 76 degrees Fahrenheit (OF) and 22 
OF, respectively (DOE80). Meteorological and climatological information for 199 1 is given in 
Section 3.1. 

Topography 

RFP is situated at an elevation of about 6,000 feet (ft) on the eastern edge of a geological bench 
known locally as Rocky Flats. This bench, approximately 5 miles (mi) wide in 2n east-west 
direction, flanks the eastern edge of the abruptly rising foothills of the Front Range of the RocLy 
Mountains. To the east, topogaphy slopes g-radually at an average downgrade of 95 ft per mi. 
Approximstely 20 mi to the west, the continental divide rises to elevations exceeding 14,000 ft. 

Geology 
- 

RFP is situated on the Rocky Flats Alluvium, an alluvial fan deposit, varying in thickness from 0 
to 100 ft, providing a gravelly cover over bedrock. Underlying bedrock formations consist 
primarily of claystone with some siltstones. Seismic activity of the area is low, and potentials for 
landslides and subsidence are not considered likely at RFP (DOE80). Additional information on 
the geology of RFP is contained in Geologic Characterizarion of the Rocky Flats Plant (EG911). 

Hydrology 

Surface drainage generally occurs in a west to east pattern along five ephemeral streams within 
RFP. North Walnut Creek, South Walnut Creek, and Woman Creek drain the main plant facilities 
area. Water from Woman Creek drains into Standley Lake, which is used as a municipal water 
supply. Surface run-off from RFP is collected in an interceptor ditch before it enters Woman 
Creek, diverted to a temporary holding pond, and piped into the Broomfield diversion ditch, 
bypassing Great Western Reservoir. Water from North and South Walnut Creek discharges into 
the Broomfield diversion ditch. 

Groundwater systems consist of a shallow, unconfined system in the Rocky Flats Alluvium and a 
confined system in deeper sandstone units within the underlying bedrock. The flow of ground- 
water is locally controlled by the topography and subcropping sandstone channels (refer to Figure 
3.4-1, Generalized Cross Section of the Stratigraphy Underlying the W). 

- 

ROCKY FLATS SITE OPERATIONS 

Construction of RFP was approved by the United States Government in 1951. The purpose of the 
facility was to increase production of nuclear weapons components. Limited operations began in 
1952 within a total site area of 2,520 acres and a plant facilities area of less than 400 acres. Early 
operations involved 700,000 square feet et2) of building floor space in 20 strucrures. 



The United Stares Atomic Energy Commission (AEC) was the responsible government agency 
when consn-uction began at RFP. In 1974, the United States Energy Research and Development 
Administration (ERDA) succeeded the AEC. The ERDA was in  turn succeeded by the Department 
of Energy DOE) in 1977. Within DOE, adminisrrative responsibility was delegated to the 
Albuquerque Operations Office, which established the Rocky Flats Area Office for day-to-day 
contact at RFP. In 1989, the Rocky Flats Area Office was upgraded to the Rocky Flars Office o), accountable directly to DOE Headquarters (HQ) in Washington, D.C. 

The Dow Chemical Company was the first prime conrractor for operations at RFP. Rockwell 
International replaced The Dow Chemical Company in 1975 and operated RFP through 1989. 
EG&G Rocky Flats, Inc., replaced Rockwell International in 1990. 

The RFP fabricates nuclear weapons components from plutonium, uranium, beryllium, and 
stainless steel. Production activities include metal fabrication and assembly, chemical recovery and 
purification of process-produced transuranic radionuclides, and related quality conr-rol functions. 
Approximately 140 structures contain nearly 2.76 million f t2  of floor space. Of this space, major 
manufacturing, chemical processing, phtonium recovery, and waste treatment facilities occupy 
about 1.6 million ft2. EG&G Rocky Flats, Inc., employed 7,068 people in December 1991. 

RADIATION AT THE ROCKY FLATS PLANT 

The €33 uses radioactive materials and radiation-producing equipment. Radiation-producing 
equipment includes X-ray machines and linear accelerators. Important radioactive materials include 
plutonium, americium, uranium, and rritium. The porential exists for these materids to be handled 
in sufficient quantities to pose an offsite hazard. The most important potential conmhtor  to 
radiation dose from rhese materials is the alpha radiation emitted by plutonium, americium, and 
uranium. 

Because of he low penetrating ability of alpha radiation, these materials are primarily a potential 
internaI radiation dose hazard, that is, the radioactive material must be taken into the body for the 
alpha radiation to be harmful. For this reason, environmental protection at RFP focuses on 
minimizing release of radioactive materials to the environment Environmental monitoring focuses 
on pathways by which the materials could enter the body such as air inhalation and water 
ingestion. A pathway is a potential route for exposure to radioactive or hazardous materials. 

Appendix A, “Perspective on Radiation,” describes the basic concepts of radiation. Readers 
unfamiliar with the types and sources of ionizing radiation are encouraged to read Appendix A for a 
better understanding of environmental monitoring data and radiation dose assessment at  RFP. A 
detailed assessment of radiation dose to the public from RFP is presented in Section 6, “Radiation 
Dose Assessment.” 
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2. COMPLIANCE SUMMARY 
Monitoring data are obtained from routine sampling to measure environmental impacts resulting 
from RFP activities. Results from this monitoring are reported to local, state, and federal agencies 
including the Environmental Protection Agency (EPA), DOE, and Colorado Department of Health 
(CDH), who are responsible for enforcing environmental regulations at RFP. These agencies 
oversee compliance with applicable standards, issue permits, participate in joint monitoring 
progams, and inspect facilities. This section covers RFP compliance with environmental 
regulations. 

NATiONAL ENVlRONMENTAL POLICY ACT (NEPA) 

The National Environmental Policy Act (NEPA) is the nation's most widely applied federal 
environmental statute. Federal regulations administered by the Council on Environmental Quality 
(CEQ), Washington, D.C., require NEPA documentation as an adminismtive record showing that 
agencies have considered environmental impacts of and public commentary on proposed actions, 
and that this information is included in federal decision-making. NEPA docurnentation can include 
either an Environmental Assessment (EA) or an Environmental Impact Stacement (EIS). 

In 1989 Admiral Watkins, Secretary of Energy, issued a ten-point initiative that renewed emphasis 
by DOE on the letter and spirit of environmental statutes and regulations. Secretary of Energy 
Notice SEN-15-90 was the fourth point in the initiative, becoming effective on February 5, 1990. 
The notice called for a revision of DOE Order 5440.1C, National Environmenral Policy Act, by 
streamlining and centralizing the DOE line organizations. The responsibilities of the DOE 
Secretarial Officers were redefined, and in states where DOE facilities are located, the state 
governors are now able to work more closely with their local DOE representatives. 

The Rocky Flats Plant (RFP) established a NEPA Compliance Committee (NCC) in February 
1989 to provide an integrated review, guidance, and oversight for plantwide activities. The NCC 
created an FSP Environmental Checklist (EC) that is required for all proposed actions. The EC 
provides an initial screening and review of construction and engineering projects to determine 
whether submission of an Action Description Memorandum (ADM) is required. ADMs are 
submitted to DOE for a determination of the level of NEPA documentation required. 

In 1991 the NCC at RFP provided information and recommendations on approximately 150 
projects concerned with constructing, refurbishing, or upgrading RFP facilities. 

Notices of Intent 

The Sotice of Intent (NOI) is a public announcement by a federal agency of plans to prepare an 
EIS. This announcement is followed by public meetings where suggestions are received on the 
scope and range of the EIS. 

The NO1 for the Plutonium Recovery Modification Project Environmental Impact Statement 
(PRMP EIS) was published in the Federal Register on May 30, 1990. Public scoping meetings 
were held on June 18 and 20, followed by a 45-day comment period. A draft Implementation Plan 
for the PRMP EIS was completed in November 1991. 
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The NO1 for the Programmatic Environmental Impact Statement (PEIS) on the Integrated 
Environmental and Waste Management Pro,mm, proposed by the DOE, was issued in the Federal 
Register on October 23, 1990. A public scoping meeting to accept comments on the PEIS was 
held on January 23, 1991. An Implementation Plan is under development. The PEIS will 
consider programmatic issues (for all DOE-operated facilities) and integrated approaches to the 
pro_gam and will include national program-wide alternatives. 

In September 1990 the Secretaq of Energy made a commitment to initiate preparation of the RFP 
Sitewide EJS. The NO1 for the Sitewide EIS was published in the Federal Register on March 
13, 1991. Public scoping meetings were held on April 4, 8, and 11,  1991, and comments were 
accepted through Apnl 19, 1991. 

Environmental Assessments 

An environmental assessment (EA) is prepared to determine whether a proposed federal action will 
require preparation of an EIS. If i t  is determined that no EIS is required, a Finding of No 
Significant Impact (FONSI) that documents this decision is prepared. Before preparation of an 
EA, the proposed federal action is evaluated as a possible Categorical Exclusion (CX). The CX is 
a category of actions that do not individually or cumulatively have a significant effect on the human 
environment and do not require either an EA or EIS. Eleven CXs were approved for RFP in 1991. 

EAs for the folIowing proposed actions are in various stages of preparation and review. 

- 
- 
- 
- New Sanitary LandfilI 
- 

Building 374 Liquid Waste Treatment Facility Upgrades 
Construction and Use of a Residue Drum Storage Facility 
Mixed Waste Disposal Operations at the Nevada Test Site 

Proposed Subsurface Interim Measuresflnterim Remedial Action PlanEnvironmental 
Assessment and Decision Document for Operable Unit 2 

The EA for the Interim Remedial ActionEnvironmental Assessment for Operable Unit 2 (OU 2) 
(903 Pad, Mound, and East Trenches areas) was prepared. A FONSI for this proposed action was 
received on March 7 ,  1991. 

Preparation of an EA for the Dewatering and Resource Conservation and Recovery Act (RCRA) 
Partial Closure Action on Solar Evaporation Ponds began in 1990. The EA was approved on 
February 21, 1991, and a FONSI was received on June 17, 1991. A Notice of Availability was 
published on August 9, 1991. 

Mitigation Action Plans 

The implementation of TEPA focuses on the pre-decisional aspects of an action. Mitigation is part 
of the post-decisional phase of NEPA. The Secretary of Energy Notice SEN-15-90, Section H, 
requires the publication of a Mitigation Action Plan (MAP) before an EIS or EAFOKSI is 
completed, The MAP documents en\<ronmentd commitmen:s made in an EISEecord of Decision 
(ROD) or an- EAEONSI and reports implementation of those commiunents. 

An EA for the Supercompactor and Repackaging Facility (SARF), DOEEA-0432, was published 
in July 1990; the DOE issued a FONSI in the Federal Register on August 10, 1990. The MAP for 
the S A W  was approved in January 1992. 
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ENDANGERED SPEClES ACT, FlSH AND WllDllFE COORDINATION ACT, 

TECTlON OF WETLANDS) AND 7 7988 (FLOODPLAIN MANAGEMENT) 
MIGRATORY BIRD TREATY ACT, AND EXECUTlVE ORDERS 7 7990 (PRO- 

These federal statutes and executive orders govern the protection of ecologjcal resources at RFP. 
In 1991 a Public Notice of Wetland lnvolvement was published in the Federal Regisrcr as required 
by 1OCFR1022. This notice, made on August 23, 1991, concerned the placement of sediment 
samplers in the buffer zone surrounding the main facilities area. Biological survey and habitat 
survey reports were prepared for [he South lnterceptor Ditch @OE91a, DOE91 b) and 881 Hillside 
French Drain (DOEglc, DOE91d) in October and November 1992, respectively. 

NATlONAL HISTORIC PRESERVATION ACT (NHPA) 

Preservation and management of prehistorical, historical, and cultural resources on lands 
administered by the DOE are mandated under Sections 106 and 110 of “PA.  The NHPA 
requires a federal agency, before undertaking any project, to adopt measures to mitigate the 
potential adverse effects of that project on sites, structures, or objects eligible for inclusion in the 
National Register of Historic Places. 

A sitewide archaeological survey of RFP was conducted in 1991. All cultural resources were 
evaluated against critena for nomination to the National Register of Hisroric Places. Results of the 
survey were reported in “Cultural Resources Class 111 Survey of Department of Energy Rocky 
Flats Plant, Northern Jefferson and Boulder Counties, Colorado” (Version 1 .O, August I ,  1991). 
information from this report is used in planning remediation and other construction activities to 
prevent damage to, or desmction of, cultural resources at RFP. 

FEDERAL INSECTIClDE, FUNGICIDE, AND RODENTIClDE ACT (F1FRA) 

The Federal Insecticide, Fungicide, and Rodenticide Act governs the registration and use of 
pesticides, herbicides and rodenticides. At RFP, compliance with FIFRA is managed through the 
Integrated Pest Management Control Plan. This plan identifies the kinds of activities at RFP that 
are subject to FERA and describes the procedures for complying with FIFRA requirements. 

The Inte,mted Pest Management Control Plan is part of the Watershed Management Plan, which is 
in draft form because certain sections are being rewritten. However, the Integrated Pest Manage- 
ment Connol Plan is complete and currently functional. 

CLEAN AIR ACT (CAA) 

The Clean Air Act (CAA) sets standards for ambient air quality and hazardous air pollutants. At 
RFP, compliance pro,wms have been established for radioactive and nonradioactive hazardous 
emissions and ambient air conditions. 

National Emission Standards for Hazardous Air Pollutanfs (NESHAPs) 

National Emission Standards for Hazardous Air Pollutants (NESHAPs) govern both radioactive 
and nonradioactive pollutants and are administered by the EPA or the CDH. CDH has been 
granred authority by the EPA to regulate several hazardous pollutants including beryllium, 
mercury, vinyl chloride, and asbestos; however, authority to regulate radionuclides currently lies 
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with the EPA. Under regulations promulgated in  1989, h’ESH,4Ps limired t!ie ndiation dose from 
airborne radionuclide emissions from DOE frlcilities to 10 millirems per y c : ~  mrem/yr) effective 
dose equivalent (EDE) IO any member of the public. A complimce repon v:i:1. dose calculations is 
due to EPA by June 30 of each year for the previous calendar year. RFP s:iSmir[ed h e  required 
Air Compliance Reporr and dose calculations for the calendar >rear 1990 to the EPA in June 199 I .  
This report showed a calculated whole body dose equivalent to the maximsl!y exposed individual 
from building air emissions of 0.000043 mrem and from soil resuspension of 0.21 mrem. Dose 
calculations for the 1991 calendar year are given in Secrion 6, Radiation Dose Assessmenr. 

Colorado Air Quality Control Regulation No. 8 

Regulation No. 8 implements NESHAPs for nonradioactive hazxdous air pollutants in  Colorado. 
Work standards, emission limitations, and ambient air standard? for hazardous air pol!utants 
including asbestos, beryllium, mercury, benzene, vinyl chloride, iead, ana hydrogen sulfide are 
specified in this regulation. Potential hazardous air pollutants at RFP include asbestos and 
beryllium. Asbestos was used as insulation in the older facilities and is handled according to 
hTESHAPs regulations during demolition, renovation, or disposal. Beryllium is machined at RFP. 
The emissions standard is 10 grams (g) of beqllium over a 24-hr period. Beryllium emissions aid 
not exceed this standard i n  1991 (see Section 3.2, Air Monitoring). 

Beryllium compliance tests were to be conducted on five air effluent ducts that have the highest 
potential beryllium emissions in 1991 upon resumption of plutonium operations at RFP. The tests 
were to measure beryllium emissions from each of lhe five locsiions over a 24-hour period in 
accordance with EPA Reference Method 104 and serve as the basis of an application for a waiver 
of emission testing and sampling protocol. Plutonium process operations were suspended in 1939 
and did not resume in 1990 or 1991. Anticipated changes ir! future plant operations nay curtail 
beryllium operations at RFP and render compliance testing unnecessary. 

Colorado Air Quality Control Regulation No. 3 

The State of Colorado has primacy for regulating nonradionuclide air pollutant emissions as 
defined under the CAA. As a result, enforcemen:, maintenance, and implementation of the air 
regulations have been delegated by the State to thr. CDH. Under the prwisions of Colorado Air 
Quality Regulation No. 3, the CDH must receive ar, Air Pollutant Emission Notice (APEX) for all 
potential sources of air pollutants resuiting from consmction oi alte:a:ion of any fzcilhy. process. 
Oi activity from which air pollutants are to be emitted. The air poliutants are defined as criteria, 
hazardous, or toxic. MENS are required for any process or activity that has the po:cntial of (1) an 
uncontrolled emission Fearer than 1 pound per day for any hazardous or toxic air pollutant, (3) an 
uncontrolled emission _mater than 1 ton per year for any ~ ~ : m a .  hazardous. or toxic air pollurzn~ 
or (3) emissions arising from specific operations as defined in Regulation No. 7. Each APES 
must be filed with the CDH before initiadon of operations. 

. -  

Air emission permits are required for sogrces that have the potentia! for significant impact on air 
quality unless specifically exempt by law. Table 2-1 lists curren: air quality permits for W P  2s 
well as surface water and hazardous waste permits and permit applications. 

Under the June 1989 Agreement in Principle (AIP) beweer, :he DOE and the CDX, RFP was 
required to complete an air emission inventory of plant operations and submit inventory data to the 
CDH by June 1991. Between June 1989 and June 1991, RFP conducted an air e~nission survey 
of plant activities, evaluated process operations. and prepared AF’ESs and suppoEing cocumenra- 



tion for submittal to the CDH. The buildings and operations for which APEN documents were 
submitted in 1991 are listed in Table 2-2. 

Colorado Air Qualify Control Regulation No. 7 

Under provisions of Regulation No. 7, all existing sources that generate volatile organic com- 
pounds (VOCs) are required to submit to the CDH a report that provides an inventory of all VOC 
point sources, operation source descriptions, actual and potential annual emissions, and discus- 
sions of reasonable available control technology (RACT). In response to this requirement, RFP 
submitted the Volatile Organic Compound (VOC) Emission Report (EG91o) to CDH in December 
1991. The basis of this report was the W P  air emission inventory documentation that provided 
VOC point-socrce information. 

Compliance Issues 

Radioactive Effiuent Sampling Protocol. Several studies were initiated in  1990 to 
determine WP’s compliance with EPA’s radioactive effluent sampling protocol, described under 
40CFR61, Subpart €3, which was promulgated on December 15, 1989, and made effective that 
same date. These studies involve preparing “as built” duct drawings, duct effluent velocity 
profiling, effluent particle size and composition, and isokinetic sampling. The “as built” duct 
drawing study was completed in 1991. The other projects will be completed in 1992-1993. RFP 
is pursuing upgrades to those sampling systems that do not comply with the intent of the EPA 
effluent sampling protocol. Effluent monitoring systems that do not meet EPA protocol but meet 
the intent of the regulations will be reviewed for exemption under “alternative methods,” provi- 
sions of 40CFX61.93(b)(3). Attempts in 1991 to enter into a Federal Facilities Compliance 
Agreement (FFCA) with EPA Region V17I to establish a schedule for achieving compliance were 
unsuccessful when it was determined by EPA that such an agreement would be inappropriate. 
EPA issued a Section 114 (CAA) letter on November 27, 1991, requesting information on W P  
compliance with NESHAP provisions. Responses were submitted by RFP on December 16, 
1991, and January 27, 1992. EPA Region VIII issued EGBrG Rocky Flats, Inc., a Compliance 
Order on March 3, 1992, requiring RFP to be in compliance with the effluent monitoring require- 
ments of 40CFR6lS93(b) within 1 year and to complete four specified projects within 270 days. 

CLEAN WATER ACT (CWA) 

The Clem Water Act (CWA) requires the EPA to set national effluent limitations and water quality 
standards and establishes a reguiarory program to ensure enforcement. In Colorado, discharge 
permits for federal facilities such as RFP are issued by the EPA. The State of Colorado sets water 
quality srandards for receiving streams and bodies of water. These standards are applied through 
NationaI PoIIution Discharge Elimination System (NPDES) permits issued for RFP by the EPA. 
Table 2-1 lists the current NPDES permit for RF?. 

National Pollutant Discharge Elimination System (NPDES) Permif 

The NPDES permit proqarn connols the release of pollutants into waters of the United States and 
requires routine monitonng and reporting of results. The NPDES permit for RFP (#C0-0001333) 
identifies seven monitoring points for control of discharge; three of these discharge points, Ponds 
A-4, B-5, and C-2, are capable of discharging water offsite. The NPDES permit terms were 
modified by the NPDES FFCA to eliminate two discharge points that were inactivated (the Reverse 
Osmosis Pilot Plant and the Reverse Osmosis Plant) and to include new monitoring parameters at 
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Table 2-1 
Environmental Permits and Permil 

Permit/ 
Aoolication 

NPDES (12/26/&6) 

Building 122 hanerator (3E5ls2) 

Building 771 Incinerator 18/28\85) 

Building 776 Incinerator (325182) 

Fugitive Dust Renewed (12R8/89) 

Pondcrete Shelter #5 Pad X750 

Pondcrete Shelter x6 Pad 1750 

Pondcrete Shelter 110 Pad t904 

Pondcrete Shelter 111 Pad N O 4  

Urin&is Laboratory Fume Hood - Bldg. 123 

Building 776 Superampador and 
Repackaging Facility (SARF)Aransuranic 
Waste Shredoer-HEPA filter 

Building 333 Pain1 spray booth and 

Building 910 Three forcad evaporation units 

Building 995 Sanitary waste water teatment 

grit blaster 

and two natural gas fired heaters 

piant belt filter press and indirect 
nawral gas fued sludge dryer 

Building 440 Paint spray booth 

Building 440 Paint spray booth 

RCRA Part A 

RCRA Part B 

RCRA Part6 

RCRA Part 8 

pumber 

co-0001333 

C-12.931 

12JE932 

C-13.022 

8 7JE084 L 

90JE045-1 

90JE045-2 

9OJEGC5-3 

90JEO45-4 

8UE018 

91JE047 

91JE300 

91 JE316 

91JE430 

91JE537-1 

91 JE537-2 

CO-7890010526 
ad Revkions 

CO-7890010526 

CO-7890010526 

CO-7690010526 

Medium 

Water 

Air 

Air 

Air 

Air 

Air 

Air 

Air 

Air 

Air 

Air 

Ai! 

Air 

Air 

Air 

Air 

kzardous. low-level 
mixed waste. trans- 
uranic m a d  waste 
pius mixed resmues 

Hazardous, low- 
level mixed waste 

Transuranic mued 
waste 

Mud Restdues 

A pplica t io ns 

Issuing 
Agency 

EPA 

CDH 

CDH 

CDH 

CDH 

CDH 

CDH 

CDH 

CDH 

CDH 

CDH 

CDH 

CDH 

CDH 

CDH 

CDH 

CDH 

CDH 

CDH 

CDH 

- Status 

Application for revision pending 

Acwe permit (inactive sodrce) 

Active permil (inactive source) 

Active permit (inactive source) 

Active permit 

Initial approval 

Inrt:ai approval 

lnittai approval 

Initial approval 

Active permit 

Inittal permit ssued in DeQmoer 1991 

Initial permit to be s u e d  wnen permit 
fees are paid 

Initial permit will be ssued wnen permn 
fees are paid 

Initial permit will be issue3 wnen permit 
fees are paid 

baa! pemt tssued in Novmrsr 1991 

Inid permit ssued in November 1991 

Pan A applicasons for hazaraous a!d 
low-level mixed waste 2nd transuranic 
mixa waste5 anc resicues are mmkned 

Permrt tssued Septerntw 1991, and 
eiiechve October i99i lor 0 01 20 wasp 
storage areas Permit modifications 
pending lor remaining 11 areas and 
2dc:tionai ininm staus LLMW 0: TRU 
unils not incluoed in pwious RCRA 
Patl E appiicatlons 

Applicamn submmed. permit 
modilicauons penmg 

Permit modification request due to 
CDH June 29.1992 
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Table 2-2 
Buildings for Which Air Pollutant Emission Notices Were Submitted in 7997 

Building 
Reference Number(s1 

443 
776 
777 
223 
218 
226 
227 
231A 
231 8 
221 
224 
373 
262 
126 
381 
774 
127 
427 
562 
715 
71 5A 
727 
827 
881G 
989 
125 
333 
442 
705 
885 
714 
71 4A 
865 
867 
868 
879 
883 
374 
910 
207A-C 
449 
T371J 
875 
886 
886A 
T690J 
T690K 
T690L 
T690A 
453 
460 
701 
780 
866 

B u i Idi n alOoera t i o n De s cr i {,tion 

Heating Plant 
Manufacturing Building 
Assembly Building 
Nitrogen Supply Facility 
Add Tank Farm 
Salt Tank (910) 
Add Tank (910) 
Process Waste Water Tank 
Process Waste Water Tank 
Central Fuel Oil Storage 
Fuel Oil Storage 
Cooling Tower (374) 
Diesel Fuel Storage Tank 
Dosimeter Calibration 
Subcontraclor Sforage 
Waste Treatment Plant 
Emergency Generator Building 
Emergency Generator Building (444) 
Emergency Generator Building (561) 
Emergency Generator Building (771, 774) 
Emergency Generaor Building 
Emergency Generator Building (782) 
Emergency Generator Building (865, 875, 883, 886) 
Emergency Generator Building 
Emergency Generator Building (991) 
Standards Laboratory 
Paint Shop & Sand Blast Faally 
Filter Test LaboratorylSlorage 
Coating Laboratory 
Paint 8 Oil Storage 
HF Storage Building 
HF Storage Shed 
Material 8 Process Development Lab. 
Filter Plenum (865) 
Fitter Plenum (865) 
Filter Plenum (883) 
Rolljng B Forming Faaiiy 
Process Waste Treatment Facility 
Solar Pond - Evaporation Prsoject 
Solar Pond 
Oil 8 Paint Storage 
Subcontractor Radiography Trailer 
Filter Plenum Building (886) 
Nuclear Safety Facility 
Trailer 
Trailer - Laboratory 
Trailer - Laboratory 
Trailer - Laboratory 
Trailer 
Oil Slorage 
Non-Nuclear Manufacturing 
Maintenance Building 
Flammable Storage 
Process Waste Transfer Buidding 

Date Submitted 
To CDH 

0 110919 1 
01/11El 
01/11/91 
01/17/91 
01 I1 8/91 
01118r91 
01ns/91 
01/18/91 
01/18Bl 
01/30A1 
0 1 /30B 1 
OlI30/91 
01l30/91 
022 1/91 
02R1/91 
0311 5/91 
03/15/91 
0311 5/91 
0311 5/91 
0311 5/91 
03/15/91 
03/15/91 
0311 5/91 
03/15/91 
03/15.!!?1 
03/29/91 
03i29191 
03/29/91 
03/29/91 
03;29/9 1 
0 3/29/O 1 
03/29/91 
03/29/9 1 
03/29/91 
03/29/91 
03/29/91 
03/29/91 
04/03/91 
04/03/91 
04/03/91 
0412519 1 
04/27!01 
04/3O/9 7 
04/30/91 
04/30/91 
04130l91 
04/30!91 
04/30/91 
04130/91 
0 9 1  3/91 
0511 3/91 
05113A1 
05i13191 
05/13/91 - 



Table 2-2 (continued) 
Buildings for Which Air Polluranf Emission Notices Were Subrnltted in 1991 

Building 
Reference Nurnberhl 

990 
990A 
995 
988 
228A 
2288 
566 
556 
772 
965 
331 
3 4  
439 
788 
881 
889 
985 
991 
440 
778 
980 
124 
129 
RFP - Sitewide 
111 
708 
709 
71 1 
120 
124 
372A 
662 
708 
729 
76% 
779 
79% 
920 
122 
122s 
123 (Revision 1) 
123s (Revision 1) 
207A-C (Revision l] 

BuildinalOPeration Description 

Sanitary Wastewater Treatment 
Sanitary Wastewater Treatment 
Sewage Treatment Facility 
Storage Vault 
Drying Beds (910) 
Dryng Beds (910) 
Protective Clothing Decontamination 
Metal Cutting Building 
Fluorine Storage Building 
Storage Building 
Garage 8 Fire Station 
General Shop (Maintenance) 
Mod Center/Machine Shop 
Cementation Process Building 
Research 8 General Supporl 
Waste PackagingtDecontamination 
Filler Plenum Budding (996, 997, 999) 
Product Warehouse 
Modification Center 
Service Building 
Subcontractor Metal Shop 
Water Treatment Phnt 
Raw Water Strainer 
Natural Gas Combustion Units 
Administration 
Compressor Building 
Cooling Tower (707) 
Cooling Tower (707) 
Emergency Generator 
Emergency Generator 
Emergency Generator 
Emergency Generator 
Emergency Generator 
Emergency Generator 
Emergency Generator 
Emergency Generator 
Emergency Generator 
Emergency Generator 
Medical 
Storage Shed 
Heafth Physics 
Hazardous Waste Storage Shed Hot Water Heaters 
Solar Pond Projed 

Date Submitted 
To CDH 

0511 3/91 
0511 3/91 
05/13/91 
05/13/91 
0511 3/91 
05/13/91 
05/16/91 
05/20/Sl 
0 5/2 019 1 
05/20/91 
05/30/9 1 
0 513 019 1 
05/30B 1 
05!3 019 1 
0 5!3 019 1 
05i30/9 1 
05/30/91 
06/27/$1 
06/28/91 
06/28/91 
06/28/91 
07/17/91 
07/17/91 
07/17/91 
07/31 191 
08/07/9 1 
08/07/9 1 
08/07/91 
08/07/91 

08/07/9 1 
08/07/91 
0810 7/9 1 
08/07/9 1 
08/07/91 
08/07/91 
08/0 719 1 
0810 719 1 

oa/o7/9 1 

ion 1/91 
ionmi 
1011 6/91 
1 Oil 6/91 
12/09/91 

the other discharge locations (see below). Changes to the NPDES permit terms are summarized in 
Appendix B ("able B-4) and went into effect in April 1991. The current permit expired in 1989 but 
was administratively extended until renewed. An application for renewal was filed with EPA, and 
an updated renewal application (which will include the application for a storm water discharge 
permit) is scheduled to be submitted in mid-1992. No Notices of Violation (NOVs) were received 
in 1991 for violation of NPDES requirements. NPDES permit exceedances are summarized in 
Section 3.3, Surface Water Monitoring. 
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The ATP established a procedure whereby RFP would provide CDH with split samples of water 
proposed for discharge from the terminal ponds. This allows CDH to assess water quality before 3 
discharge. Samples are split for analysis by CDH, EG&G Rocky Flats, Inc., and independent 
EPA-registered laboratories. Presently, once CDH has made its assessment and given concurrence 
for discharge, pond waters are discharged directly to the Broomfield Diversion Ditch. 

The NPDES permit requires the maintenance of terminal pond water levels at 90 percent of capacity 
to allow sufficient storage volume for spill containment. However, because of inherent delays 
caused by concurrent sampling and analysis (before receiving CDH concurrence for discharges) 
and continuing storage of inflows, Ponds A-4, B-5, and C-2 have operated w i t h  less than 90 
percent spill capacity. 

DOE Order 5400.5, Radiation Protection of the Public and the Environment, specifies radionuclide 
concentration guides for water discharged from RFP as follows: “Implementation of the Best 
AvailabIe Technology (BAT) process for liquid radioactive wastes are not required where radio- 
nuclides are already at low levels, i.e., the annual average concentration is less than the Derived 
Concentration Guide (DCG) level. In that case, the cost consideration component of BAT analysis 
precludes the need for additional ueatment, since any adlditional treatment would be unjustifiable on 
a cost-benefit basis.” Impounded waters at RFP met r.hese DCG standards; therefore, per DOE 
Order 5400.5, further treatment was unjustified on a cost-benefit basis. Nevertheless, because of 
CDH guidance, RFT used activated carbon treatment systems for organics removal, and filtration 
to remove particulates, to process approximately 1 I 8  inillion gallons discharged before October 
1991 as an added level of protection. Treatment was nor. used for discharges after October 1991 per 
concurrence With CDH. Approximately 45 million gallons were discharged from October through 
December 199 1. 

NPDES Federal Facility Compliance Agreement (FFCA). The NPDES FFCA was 
signed on March 25,1991, between DOE and EPA Region Vm. The FFCA incorporated changes 
to NPDES monitoring requirements. These changes included relocating the point of compliance 
for outfall 001 from Pond B-3 to the Sewage Treatment Plant (STP) discharge for most parame- 
ters. Monitoring requirements for total chromium and whole effluent toxicity (WET) at the 
terminal ponds, and for metals, volatile organic compounds, and WET at the STP discharge site 
were also added. 

The FFCA also required submittal of three compliance plans that address planned administrative 
and physical changes to the plant: the Groundwater Monitoring Plan for the STP Sludge Drying 
Beds, the STP Compliance Plan, and the Chromic Acid Incident Plan and Implementation 
Schedule. The FFCA also requires subminal of Quarterly Progress Reports to the EPA that update 
the status and schedule of projects within each compliance plan. 

(1) Groundwater Monitoring Pfan for the Sanitary Treatment Plant Sludge Drying 
Beds. A draft Groundwater Monitoring Plan was submitted to EPA in  July 1990. The plan 
proposed a method for characterizing groundwater beneath the sludge drying beds located east of 
the STP. The EPA subsequently recommended a phased approach beginning with monitoring and 
characterization of soil and water in the vadose zone. The Vadose Zone Monitoring Plan was 
submitted to EPA and approved in June 1991. An addendum to the monitoring plan was submitted 
for two additional sludge drying beds located east of Building 910. Field work at both locations 
will be initiated during 1992. 

(2) STP Compliance Plan. ?he STP Compliance Plan was submitted to EPA in July 1990. 
This plan described planned improvements to the STP necessary to meet NPDES water quality 
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sundxds and FFC.4 criten;!. Completed work includes implemen:arion of recommendririons from 
c i :if nos t i c s I u di e5 c? f t rca I m e n t pi an 1 opera t i ons, ins tal la: io:; of an a u t oc h lo ri na ti on/dech ior in ;i t i on  
s\'srem, and acidiiiozal influeni ;:nd effluent instrumentation. Other planned inprovemenr~, xr 
inciuded i n  ii treaicient plant uprT;ide project, which consists of h e e  phases: 

- P h a q e  1 includes con~truct~on of a mechanical sludge dryin? system and modificatic\:rs io 
existing sludge beds to improve the efficiency of the sludge drying proccss. Construclion is 
expccted to be comple~ed during 1992. 

- Phnse I! includes electrical improvements for improved reliability and additional capacity, 
emergency elecmcal power provisions, construction of an addition to the existing laborator?, 
buiicing, addition of equipment and controls at the equziizarion basins, upgrades to existing 
structxes and equipment within the STP including the polymer feed system and sand fillers, 
and adljlional chemical storage. Consmction is expected to begin during 1993. 

- Phase JH includes construction of additional influen: and effluent storage for the STP, 
modification of the existing plant to provide for nitrification, and construction of a new 
denitrification system. The final scope of Phase I11 is being refined througk continuing 
negotixions with EPA. 

(3 )  Chromic Acid Incident Plan arid Implementation Schedule. A draft Chromic Acid 
Incident Plan was submitted to EPA in November 1990. The plan was prepared in response to 
recommendations made following a DOE investigation of an unplanned release of chromic acid 
soiurion from Building 44.4 during 1989. The plan addressed physical and administrative changes 
to reduce the possibility and impact of future spill events. A number of proposed actions have 
been Completed, and EPA has agreed to refocus the remaining scope of the plan to emphasize 
issues relevant to surface water protection and source control. A draft plan incorporating the 
rei4sed approach was submitted to EPA during the second quarter of ! 992. 

SpN Pre ven fion Con trol and Coun termeasures/Bes f fdan agemen f Practices 
Pian (SPCC/BMP) 

The Spill Pievendon Control and Countermeasures/Best Management Practices Plan (SPCC/BMp) 
is a compilation of existing facili:? improvements, operational procedures, policies, and require- 
menrs fer control of hazaraous suxtances and oil spills. A cemfied draft of the SPCC/Bh@ was 
gmerated in October 1991. The second draft is expected by July 1, 1992. and a f i n d  document by 
October 1992. 

Storm Wafer Permit Applicufion 

The RFP, as a site with industrial activity, is required to submit an NPDES storm water permit 
appiication under regulations promulpted in November 1990. The original application deadline of 
Sovember 17, 1991, was changed to October 1, 1992. A nerwork of six storm water monitoring 
locations was established during 1991 (with the approval of EPA), which wilI provide storm water 
quality information for run-off that lcaves the core area of Rocky Flats. Auromated sampling 
equi?menr will allow the collecrion of flow-composited samples to characterize the run-off, while 
a i a  loggers will collect and store flow information ar each moniroring location. 



Colorado Water Quality Control Cornmission (C WQCC) Water Quality Stan - 
dards 

In September 1991, the Colorado Water Quality Control Commission (CWQCC) agreed to hear a 
petition by DOE to reconsider the classification of Segment 5 of Big Dry Creek. Segment 5, which 
includes tributaries from source to Ponds A-4, B-5 and C-2, is currently subject to narrative 
temporary modifications and goal qualifiers that indicate that the waters are presenrly not ful ly  
suitable but are intended to become fully suitable for the classified use. At the October meeting, 
DOEEGBIG will ask for an extension of these goal qualifiers and temporary modifications and IO 
revise the site-specific organic standards to achieve consistency with the statewide numeric 
standards for organic chemicals. The CWQCC must take action on the goal standards before 
February 1993, or the standards now established for Segment 4 (from pond outlets to Standley 
Lake and Great Western Reservoir) will apply to Segment 5. The hearing is scheduled for October 
1992. DOE and EG&G Rocky Flats, Inc., also obtained parry status to statewide radionuclide 
standards hearings held in March 1992. 

Compliance Issues 

The EPA conducted a Compliance Evaluation Inspection on June 31, 1991, to review the findings 
of the Compliance Sampling Inspection of February 27-28, 1990. The Summary of Findings 
attached to the inspection report states that no deficiencies were found at the time of the inspection. 

In May 1990 the RFP established the Cross Connection Control Progam to meet commitments 
made by the DOE to the CDH to ensure that RFT fully complies with the Colorado Primary 
Drinking Water Regulations (CPDWR) pertaining to cross connections. A cross connection exists 
when a drinking water supply is connected to a possible source of contaminated water without an 
approved backflow preventor device to stop backflow or backsiphonage of polluted water into the 
dnnking water system. During 1991 the RFP was not in compliance with the CPDWR regarding 
cross connections, however, work on the program is continuing and EG&G Plant Engineenng has 
made the commitment to provide semiannual progress reports to the CDH. 

SAFE DRfNKING WATER A CT (SD WA) 

The SDWA establishes primary drinking water standards for water delivered by a public water 
supply system, defined as a system that supplies drinking water to either 15 or more connections 
or 25 individuals for at least 60 days per year. The RFP water supply system meets these criteria 
and is termed a non-community, non-transient system because persons who use the water do so 
on a daily basis but do not live at the site. 

RFP periodically evaluates plant drinking water for various water quality parameters including 
primary and secondary water contaminants, inorganics, volatile organic compounds, and radio- 
nuclides. Results of these analyses are reported to the CDH weekly, monthly, quarterly, and 
annually depending on the type of analyses performed, A complete description of the drinking 
water monitoring program at RFP is given in the 199 I Rocky Flats Plant Environmenrai Moniror- 
ing Plan (EG91m). 

TOXIC SUBSTANCES CONTROL ACT (TSCA) 
.- 
.- 

The Toxic Substances Control Act (TSCA), administered by rhe EPA, authorizes testing and 
regulation of chemical substances that enter the environment. TSCA supplements sections of the 
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Clem Air Act (CAA). the Clean %‘atCi  Act (CWA), and the Occupational Safety and Health Act 
(OSHA). Compliance with TSCA at rhe RFP is direcred ar management of polychlorinated 
biphenyls (PCBs) ana asbestos. 

Compliance Issues 

In 1991 one 55-gallon drum of nonradioactively contaminated PCB waste was shipped offsite for 
disposal. Disposal sites for radioactively contaminated PCB wastes are unable to receive RFP 
waste at this time. RFP is storing radioactively contaminated PCB waste beyond the I-year 
storage time limit imposed by TSCA regulations. DOE notified the EPA that storage would be 
necessq until a commercial or DOE treatment and disposal facility capable of receiving this waste 
could be identified. 

Nonradioactively coniaminated asbestos waste is shipped offsite for disposal in a permitted 
landfill. Radioactiveiy Contaminated asbesros wasre is being stored onsite until disposal at the 
Nevada Test Site or a commercial facility is approved. 

RESOURCE CONSERVATION AND RECOVERY ACT (RCRA) 

The Resource Conservation and Recovery Act (RCRA) provides cradle-to-grave control of 
hazardous waste by imposing management requirements on generators and transporters of 
hazardous wastes and on owners and operators of treatment, storage, and disposal facilities. The 
State of Colorado, under authority of EPA, regulates hazardous waste and the hazardous 
component of radioactive mixed waste at RFP. EPA retains authority for regulation of Land 
Disposal Resrrimd (LDR) wastes. Solely radioactive wastes are regulated by the Atomic Enerm 
Act of 1954 as administered through DOE orders. 

RCRA Part A and Part B Permit 

The RCRA Part A permit application identifies (1) facility location, (2) owner and operator, (3) 
hazardous and mixed wastes to be managed, and (4) hazardous waste management methods. A 
facility that has submitted a RCRA Parr A permit application is allowed to manage hazardous 
wastes under oansitional regulations known as interim status pending issuance of a RCRA 
Operating Pernit. The RCRA Part B permit application consists of a detailed narrative description 
of al! facilities and procedures relared to hazardous waste manazement. The RCRA Operating 
Permit is based on r̂ hc RCRA Part B permit application and con&ins specific detailed oberating 
condiIions for the waste manazement units addressed by the permit. RCRA Parts A and B permit 
applications for RFP cover hazardous waste treatment and storage operations. RFP does not 
perfom hazardous waste disposal. 

Part A Permit. Since the early 19SOs, a series of RCRA Part A permit applications have been 
submirred to the CDH. During 1991, the Part A permit application for hazardous and low-level 
nixed waste was revised twice. Revision 7 was submitted to CDH in June 1991 requesting a 
change to interim status to operate certain Son-Desnuctive Assay (NDA) areas and to correct 
several EP.4 w x e  code listings. This request for change to interim status was resubmitted to 
CDH as permir modificxions request 84 in January 1992. Revision 8 of the Part A permit 
application for hzzaraous ana iow-level mixed waste was submitted in July 1991 and included the 
new Toxicity Characteristic Leaching Procedurz (TCLP) EPA codes and requested low-level mixed 
waste storage and nexmen: in two exisring Size Reduction Facilities. 
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The RCRA Parr A permit application for transuranic ITRU) mixed bwre NJBS revised twice during 
1991. Revision 5 "as submitted 10 CDH in June 1991 requesting 3 change to interim status to 
operate cemin 33.4 areas and to correct several EPA "asre cod:: listings. This request for change 
10 inrerim siatus was resubmitted to CDH as permit modification #4 in  January 1992. Revision 6 
was submilred in Ju ly  1991 and included the new TCLP EPA codes. 

A major development for the Pan A applications occurred in August 1991 when the Part A permit 
application for hazardous and low-level mixed waste (Revision 8) and the Part A permit application 
for TRU mixed waste (Revision 6) were consoIidared and submitted to CDH as the Combined 
Hazardous Waste, Low-Level Mixed Waste and TRU Mixed Waste Part A permit application 
(Revision 1). This consolidation simplified the Part A application interim status process. Among 
the items included in the Combined Part A application were four new storage areas for wastes 
renerated by environmental restoration acrivi ties. CDH approved some of the changes requested in 
?ne Combincd Pan A in Augusr 1991; however, other requested changes are pending CDH 
approval. 

Two other changes to interim status were requested in a letter during 1991 and did not include a 
revised Part A permit application. These changes included requests to supercompact low-level 
mixed waste (Ausust 1991) and to enhance evaporation 21 the solar ponds (September 1991). 

Part B Permit. A sisnificant milestone in RFP's RCRA history occurred in September 1991 
when CDH issued the Part B Operating Permit for 9 of 20 hazardous and low-level mixed waste 
storage units. The permit became effective in October 199 1. Three permit modification requests 
were subsequently submitted to CDH in 1991. Permit Modification Request No. 1 was a CIass 11 
modification submitted in October 1991 for changes to the permit's contingency plan, waste 
analysis plan, and unit descriptions. CDH granted temporary authorization for this permit 
modifica:ion in October 1991, and a public comment meeting was held in  December 1991. This 
permit modification request was approved by CDH on April 30, 1992. Permit Modification 
Request No. 2 was a Class 1 modification submitted to CDH and effective in November 1991 and 
corrected several administrative errors in the permit. Permit Modification Request No. 3 was a 
CIass I modification submitted in December 1991 and removed an interim compliance date from the 
training secrion of the permit in anticipation of revising the training section in 1992. 

In October 1989, CDH issued a Notice of Intent to Deny (NOID) for the remaining 11 hazardous 
and low-level waste storage units. RFP submitted a revised Part B permir application on March 
1990 to address these units. This additional information is under review by CDH. Likewise, the 
Part B pemir application for TRU mixed waste continues to be under review by CDH. 

RCRA Closure Plans 

RCRA closure ?!am identify procedures for decontaminating/decommissioning hazardous waste 
management un:ts from service to prevent both short- and long-term threats to human health and 
the environment. These plans dzscribe measures to eliminate or minimize future maintenance of 
huardous umte management units, to conuol releases of hazardous constituents and to permanent- 
11. close these units. Post-closure monitoring is required if "clean closure" of a unit under RCRA 
&not be achieved. 

Hazardous waste rnanazement facilities that operate under interim status (40CFR265) and facilities 
[hat will operate under a permit (40CFR264) must be addressed in RCRA closure plans (40CFR 
264 and 265. Subpan G). Closure plans for facilities that begin or continue opemion following the 
interim sta:us period must be addressed in the RCRA Part B permit. Land disposal hazardous 
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lvaste mt\naremenr facilities that disconrinue opcxtio:: durir,; tfic intcriin s ; a t ~ >  period and t h a t  
cannot be **clan c l o d "  i n  accordancc wit11 :ipplii;:bie KCRA rr;;Lila~ioi:~, I:: usi submit RCiiA P m  
B post-closure care ;)ernmi[ applications fOi iritcrini SI;~IL!S units.  Thcsc. ;ire ?n i t s  t ha t  havc becn 
remaveil from sen-ice bur require post-closure monitoring and mainrenance. 

Closure plans for the Solar Ewpordrion Ponds (Gperab!: Unit C: [ OL: .?I), Present Lanc?fill (OU 7 ) :  
Origind Process Waste L i x s  (OL' 9), and West Spr;1>. Field (OU 1 1  j were submitivd to CDH in 
1936 and 1988. These cl(jsure plans h n \ ~  been supcrseded by rile January 1991 Inte: ,L,.gency 
Ageement (IAG). The IAG requires all inlerinl status closure units to use ;i combination 01' RCRA 
3& Comprehensive Environmental Response, Compcnsation, and Li;ibiIi!y A z t  (CEKCLA) 
criteria. The IAG requires RCRA Facility Investi_eatioiis/Rt.medi~~ 1nve::Ifairiors ,PSI/I?I) u!ork 
plans as a function of characterizing the source of the con:aniination ani: the soiis of an interim 
status closure unit. Draft Phase I RFImI work plans wr t :  submitred to CDH and EPA i n  1990 for 
the Solar Evaporation Ponds, Present Landfill, Ori~inal  Process 1V;ste Lines, and \Yes: Sprsy 
Field and for Other Outside Closures (OU 10) ir: 199 1. 

RFP continued groundwater monitoring of OU 4 ,  OU 7:  and OU 11 i n  1991. Major acrivities 
included groundwater and surface water monitoring and ins:aiixion of new groundwater monitor- 
ing wells. The 1990 RCRA annual Foundwzter monitoring repor: for OUs was submitted to 
CDH and EPA on March I ,  1991 (EGglb), and the 1991 RCRA repr :  was submined on h4arch 
1, 1992 (EG92a). The CWQCC held hearings i n  February 1991 IO determine whethcr the 
soundwater at W P  should be subject to site-specific standards and classifications. This action 
Gas followed by prumulgauon of standards and classifications on March 15, 1991, becoming 
effecuve on April 30, 1991. A!! unconfined pund\4'ater was made subject to the mosi stringent 
surface water standvds ai RFP. The zllwial aquifers were classified zs DomesTic Use - Quzliry, 
Ab@culrural Use - Quality ana Surface Water Protection. The Arapahoe ana Lxaniie-Fox Hills 
aquifers were classified Domestic Wse - Quality and .4bgicultural Use - Quliry.  

A discussion of 1991 compliance activities for remediation of contaminated sires at RFP, including 
the prepararior: of remeciial investigation work plans, interim remedial acrion decisions, ana project 
management plans, is provided in Secrion 3, Environmental Remediation Programs. 

RCRA Contingency Plan 

Tie RCRA Contingency Plan (Pm VI of the RCR.4 Permit) is desipec! IO minimize hazards to 
human health or the environmen: from 5res, espicsions, or m y  u!;p!snned sudC~:rn or non-sudden 
release of hazardous w s t e  or hazardous ws:e constituents 10 air. soil. or s u r f x e  water. RFP 
implements ~e ConringencJr Pian for the f o l ; c . ~ i * i ~ ~  sicuxions. 

A hazardous waste incident results in an injury requiring more than first-aid. 

A spill, leak, or other release of a hazardous waste IO the air, soil, or suii^:~c': water (i-e., 
outside a building) if tne release is iresrer than 1 pint or 1 pomd. 

A spill, leak, or orher release of hazardous waste inside a building results ir, (1) a release that 
e x c r d s  a repomble quan:ir>t equi\*aieni volume 2s defined in Tiriz 40CFI.',_302. or (7) a spilled 
ma:ziial from a hzmrdous wpste tank system not removed from secondxy con!sinmenr within 
34 hours. 

A fire and/or explosion in which ;t hazardous waste release or a n  x r i \ l e  I ~ B Z ~ T ~ O U S  waste 
man22enitnt unj; is involved. 
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- Situations other than rhose ourlined above at the discretion of rfie Emergency Coordinaror. 

In 1991 RFP filed 35 RCRA Contingent!, Plan Implementation Reports with CDH. These repons 
described the nature and magnitud:: of releases, an assessment of actual or potential hazards to 
human health or the environment, and actions taken IO remcdiare contaminated areas. 

Twenty-four Contingency Plan reports documented the release of hazxdous substances that were 
not hazardous wastes before the release. After October 30, 1991, this type of release will not 
automaticaily result in implementation of the RCRA Contingency Plan. Of these 24 releases, one 
release was of mercury (which was contained within a building), one possible release was Di-n- 
octyl phthalate (analysis confirmed that Di-n-octyl phthalate was not released), and 22 releases 
were petroleum or antifreeze products (10 of these reIeases were from private vehicles). 

Of the remaining 11 Contingency Plnn repons, only IWO involved the release of a hazardous waste 
outside a building: (1) approximately 3 quarts of battery acid were released to a paved area from an 
overturned, used Ni-Cd battery, and (2) approximately 5 gallons of decontamination water 
containing a minute concentration (< 20 micrograms per liter [pg/L]) of a listed substance 
(mchlorcethene) were released to paved roads from a tanker during transport. The nine remaining 
reports were for the following incidences. 

- Release of approximately 154 gallons of Kathene solution (which contained toxic levels of 
chromium) from four different events. All of the Kathene releases were contained within 
Building 707 (four separate reports were filed). 

- Release of approximately 750 gallons of process aqueous waste from a RCRA-regulated tank 
into the secondary containment of Building 73 1. 

Release of approximately 40 gallons of TRIM"SOL lubricant mixed with waste oil into-a 
secondary containment pan inside a cargo container within RCRA storage Unit $1. 

Exceedance of the 24-hour requirement to remove a released material (< one pound of caustic 
solids) from the s e c o n d q  containment system in Building 883. 

- 

- 

- Compensatory actions taken while operating RCRA units (the process waste transfer system, 
Units n" 40.50 through 40.69, and laundry wasre collecrion lank, Unit 40.16) without 
adequate secondaq containment (two~separate repons were filed). 

EPA Aiationai Response Cenfer Notifications 

In 1991, per the requirements of 40CFR302.6, RFP notified the National Response Center 
(NRC) of four releases to the environment of a hazardous substance that equaled or exceeded the 
reportable quantity. All of these releases involved small quantities (c2 gallons) of ethylene 
dycoVwater mixtures. The releases were immediately cleaned up, minimizing impact to the 
gnvironrnent No notifications were made to the Local Emergency Planning Committees (LEPC) 
or State Emergency Response Commission (SERC) because exposure was limited to persons 
within the boundaries of the plant. 

Waste Min irnizaf ion 

A Waste Minimizaton Program Plan and Pollution Prevention Awareness Plan was submitted to 
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EPA and CDH on September 10, 1991. This plan included projrcts and building waste mini- 
mization and pollution prevendon goals. 

Radioactive and Mixed Waste. Primary waste generation sources for 1991 involved 
resumption activities for Buildings 559 and 770, salrcrete production from process ivaste water 
treatment, consmction projects, and routine maintenance requirements. T R U  wasre producrion 
increased slightly from 77 m3 in 1990 to 79 m 3  i n  1991. TRU waste production in 1989 was 
806m3. Low-level waste production declined from 3,541 m3 in 1989 and 1,830 m3 i n  1990 
to1,534 m3 in 1991. This represents a decline of over 15 percent in radioactive waste production 
from 1990 to 1991. 

Activities to reduce generation of radioactive wastes continued in 1991. Specific projects included 
the evaluation of a carbon dioxide pellet-blasting system for decontamination work, testing of a 
hydrocyclone for the removal of particulate in liquid process lines, and the study of more efficient 
alternatives to current inline liquid filters. Engineering design began in 199 1 for the installation of 
a uranium chip washer/dryer that will replace the current method of “chip roasting’’ and land 
disposal with a method that will allow the chips to be cast into ingots for recycle. 

Ha7ardous Wastes. Hazardous nonradioactive waste generation decreased from 73 m3 in 1989 
and 69 m3 in 1990 to 53 m3 in 1991, representing a 23 percent reduction from 1990 to 1991. 
Waste oil contamination, solvent contamination, and heavy metals (mainly mercury from crushed 
fluorescent light bulbs) accounted for 45 percent, 22 percent, and 20 percent, respectively, of the 
hazardous waste generated. 

An oil conservation project was initiated in 1991. The intent of the project was to combine oil test- 
ing, filtration, and recycling to prevenr the generation of oils that will be considered hazardous 
wastes. Another project initiated in 1991 was aimed at the abatement of releses of ozone depieting 
chlorofluorocarbons to the atmosphere from planr refrigeration and air conditioning systems. 
Following are quantities of solvents, garage oils, and coolants that were reclaimed and recycled in 
1991. 

168 kiio,.rams (kg) of RCRA hazardous cleaning solvents 
1,497 kg of hazardous garage oil 
4,374 kg of solvents 
8,836 kg of machine coolant 

garage oil, solvents, and machine coolant were recycled for fuel blending during 1991. 

Solid (Nonhazardous) Wastes. The amount of recycled paper increascd from 104,420 
kilogram (kg) in 1989 and 105,219 kg in 1990 to 170.295 kg in 1991, representing a 62 percent 
i n c x s e  from 1990 to 1991. The amounts of garage oil and unregulated machine coolants recycled 
for fuel blending were 10,927 kg and 6,432 kg, respectively. A moratorium on offsite shipments 
of scrap metals decreased sales of these metals in 1991. However, 14,733 kg of stainless steel 
turnings and 55,594 kg of mild steel were sold in 199 1. 

Two activities to reduce solid waste generation were implemented during 1991. Water saving 
shower heads were installed in many of the plant’s showers. \k*ith a go31 of rcaucing water usaze 
by approximately 7.8 million gallons per year. The replaczmcnt o f  disposable serviceware in 
several of the plant’s cafeterias besan in 1991. These items conrinue IO be replaced by washable 
items in an effort to reduce cafeieria waste disposal in the s a n i t a i  landfill. 
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Compliance Issues 

Settlement .4grecment a n d  Compl iance  O r d e r  on C'orisent No. S9- IO-30-01 
(commonly referred to as "Residue Compliance Agrwment").  On Novrmber 3, !9S?, 
the DOE, CDH, and EPA signed the Settlement Ag-eernen: x d  Complimce Order on Con;enr No. 
89-10-30-01 regarding alleged violations of the RCRA hazardous w ~ c  regulations pertaining IO 
proper waste management of residues. RFP submirred documenIs in compliance wi:h this Consent 
Order, the last of which was the Mixed Residues Compliance Plan (September 28, 1990). 

The Mixed Residues Compliance Plan was prepared to meet thr requiremen!s of the Settlement 
Agreement and Compliance Order on Consent, as well as to provide 3 schedule for compl' iance 
with the conclusions of the United Srates District Court for the District of Colorado in th:: Civil 
Action No. 89-B-181, Sierra Club, Plaintiff, vs. United Sxtes De7srtment of Energ)., and 
Rockweli International Corporatior,, a Delaware Corporation, Defendants. The Mixed Residues 
Compliance Plan included actions to bring residues into compliance with the Colorado Hazardous 
Waste Regulations found in 6 CCR 1007-3 Parts 100, 262 and 265, methods :o minimize 
generation of RCRA regulated residues, and actions to reducr the amount of RCRA-r~,gulated 
residues in storage. 

In May and June 1990, the Sierra Club amended its 1989 compiaint (Civil Action No. 89-B-151) 
requesting that the court place a permanent or pre1iminai.i injunction against the DOE prohibitins 
the restart of Rocky Flats. This amended complaint alleged that the DOE was not managing 
hazardous waste at Rocky Flats in accordance with the RCRA. On August 13, 1991. the United 
States District Court for the District of Colorado decided in partial favor of the Plaintiff for a 
permanent injunction in Civil Action 30. 89-B-181, Sierra Club, Plaintiff, 1's. United States 
Department of Energy, Defendant, stating that if the DOE does not obtain 2 permit for the mixed 
residues currently being stored without a pennit or interim status within 2 years of the court 
judgement, the DOE shall conduct no operations (except for maintenance and safety acti\rities to 
maintain the safety of Rocky Flats in a non-operational starus) that generate any hazardous waste or 
mixed radioactive and hazardous waste. 

On July 31, 1991, the CDH issued to RFP compliance Order No. 91-07-31-01, which indicated 
that the Mixed Residues Compliance Plan was inadequate and therefore violated the November 
1989 order. In addition, on Aigust 1, 1991, the CDH'iiied a complaint in  court, alleging that the 
DOE had submitted an inaaequare plan in violation of the November 1989 order and direcring the 
DOE to meet the terms of t h e  Com-pliance Order. Compliance Order No. 91-07-310i specices a 
schedule for removing all backlog mixed residues from RFP by January 1. 1999, and a schedule 
by which mixed residues will be brought into physical and adminis:mive compliance with :he 
Colorado Hazardous Waste Regulations. Acriviries are in prosess to mect the requirements of the 
Compliance Order and to negotiate a Consent Order for the rnmagemen: of mixed residues. 

Federal Facility Compliance Agreement ( F F C A )  for Land Disposal Restr ic ted 
M7aste. A compliance order on consent was signed on September 19, 1989, by  DOE, EPA 
Region VIII, and the State of Colorado to provide a I-yr period-for DOE to work towards 
compliance with the land disposal restrictions of the Hazardous and Soiid Waste Amendments of 
1933 for mixed wastes. The FFCA covers radioactive wastes thai \+'ere prohibired as of the FFCA 
effective date, which includes wastes containing soivents and dioxins that do not meet the treatment 
standards specified by EPA, or "Caiifornia List" wasies containing hazardous constituents above 
the applicable allowable levels for land disposal. Durinz (ne period of the original agreement. DOE 
was to take all feasible steps to ensure the accurate identificarior.. safe storsge, and minimization of 
restricted waste prohibited from land disposal. 



A new agreement, commonl!* referred to as FFCA-11, was signed on May IO, 1991, by representa- 
tives from EPA and DOE. Tnis new agreement is an expansion of the original September 1989 
agreemerit, and again provides the mechanism for DOE to achieve compliance with the LDR 
portion of the RCRA reguhtions. FFCA-11 is valid for a period of 2 years, during which DOE will 
continue to put in place those physical and administrative controls necessary to demonstrate 
compliance with LDR. Specific milestones and schedules will be prepared to demonstrate that 
proposed activities are planned to bring RFP into compliance with LDR regulations. 

During 1991, the State of Colorado received authorit!, from EPA to administer portions of the land 
disposal restriction regulations. Accordingly, a new agreement between DOE and the CDH will be 
negotiated to replace the existing FFCA 11. This negotiation process is expected to be complete 
prior to expiration of the FFCA I1 (May 1993). 

As with the original agreement, FFCA-I1 requires submittal of a variet!. of reports and plans that 
outline the development and implementation of various treatment technologic. to treat mixed wastes 
before disposal at offsite locations. Submittal of the reports and plans constitutes the p r f r r z ~ r  
milestones under the current agreement. Under the terms of the agreement, most of these 
document submittals are subject to-review and/or approval by EPA. These reports ana plans are 
briefly described as follows. 

- Comprehensive Treamnr and Managemenr Plan - This document will describe the justificz- 
rion, selection, and applicability of treatment technolosies to LDR wastes at RFP and will 
include schedules and milestones for developing and implementing chosen technologies. Tne 
milestones set forth in the Comprehensive Treatment and Management Plan become enfoice- 
able milestones upon approval of the document by EPA. 

- Waste Minimization Plan - This annual document will discuss current and future initiarives 
undertaken by l2FP to eliminate or minimize the generation of mixed waste. 

- Annual LDR Progress Report - This document will provide an update and status on the scope 
and magnitude of LDR mixed waste issues at RFP including quantities of waste in storage, 
storage locations, proumss in LDR determinations and characterization effons, and treatment 
technology implementanon. 

- Residue Managemenr Report - This document will describe the plans for bringing the  
management of mixed residues into Compliance with the LDR requirements as a companion 
document to the Residue Management Plan being prepared under terms of the Residue 
Compliance Order. 

- Non-Radioacrive Hazardous Waste Shipping Schedule - This document will identifj, the 
mechanisms and schedules by which existing non-radioactive hazardous wastes can be 
shipped offsite for disposal. 

- Waste Stream and Residue Identification and Characterization (WSRIC) Report - This annual 
document will be a revision to the existing WSRIC prepared in 1990. 

The U’sste Minimization Plan w2s submitted in September 1991. All other reports are scheduled 
for completion in 1992. 



COMPREHENSIVE ENVIRONMENTAL RESPONSE, COMPENSA TION, AND 
LlABILlN ACT (CERCLA) 

The CERCLA and its major amendments (Superfund Amendment and Reauthorization Act 
[SARA]) provide funding and enforcement authority for restoration of hazardous waste sites and 
for responding to hazardous substance spills, Sites contaminated by past waste activities must be 
investigated and remediation plans developed and implemented. The intent of these actions is ro 
minimize the release of hazardous waste or other hazardous materials, thereby protecting human 
health and the environment. CERCLA requirements are addressed in a series of sequential phases 
designed to identify, design, and complete restoration of contaminated sites. CERCLA activities at 
RFP are dictated by the IAG. 

RFP was added to the National Priorities List (NPL) on October 4, 1989. The NPL is an ordered 
ranking of CERCLA sites evaluated using the Hazardous Ranking System. If a site scores above a 
certain threshold level set by EPA, the site is placed on the NPL. 

INTER-AGENCY AGREEMENT flA G) 
The IAG wanenegotiated early in 1990 following receipt of public and agency comments on the 
draft a,greement submitted for review in December 1989. A revised agreement was published on 
August 17,1990. The final agreement, reached in January 1991 and signed by EPA, CDH, and 
DOE, included the following revisions. 

- OUs were re-ordered to emphasize priority of offsite areas (i.e., areas located east of Indiana 
Street). 

- The number of OUs was increased from 10 to 16 to berter focus on the unique characreristics of 
different resroration areas (Table 2-3). 

The IAG clarifies EPA, CDH, and DOE regulatory roles, coordinates oversight efforts and correc- 
tive actions, standardizes requirements, and ensures compliance with orders and permits. The 
agreement also specifies delivery of major reports, project management activiries and milestones, 
and includes community involvement and decision making responsibilities. The IAG establishes a 
procedural framework and schedule through which response actions are developed, implemented, 
and monitored in accordance with CERCLA, RCRA, and the Colorado Hazardous Waste Act. 

Documents prepared in accordance with the IAG cover a range of topics including remedial 
investigation work plans, interim remedial action decisions, community survey plans, project 
management plans, and health and safety plans. A series of monthly and quarterly Environmental 
Compliance Action reporrs document progress against IAG milestones (DOE9 le, DOE9 10- Table 
2-4 lists IAG milestones completed in 1991. Section 4, Environmental Remediation Programs, 
describes remediation activities accomplished at RFP during 199 1. 

Remediation Goals 

The CERCLA requires that remediation goals comply with applicable or relevant and appropriate 
requirements (ARARs) of federal laws or more stringent promulgated state laws i n  relation to 
cleanup standards. ARARs are generally dynamic in nature in that they evolve from general to 
very specific during rhe CERCLA Remedial Investigation/ Facilities Study (RI/FS) process. Final 
remediation objecuves are comprised of both ARARs and risk assessment information and will be 



determined in the Record of Decision (ROD). The development of cleanup srandards at RFP follow 
the general procedures described bclow. 

Table 2-3 
Former and Current Prioritization of Operable Units 

by the Inter-Agency Agreement 

Former Operable 
ynlt (OW Number 

01 
02 
10 
03 Solar Ponds 
04 Woman Creek 
04 Walnut Creek 
03 Present Landfill 
05 
03 OPWL 
03 OOC 
03 West Spray Feld 
06 
07 
09 
03 Inside Building Closures 
08 

OU Number 
ynder Final IAG (effective 1-11-91] 

01 
02 
03 
04 
05 
06 
07 
08 
09 
10 
11 
12 
13 
14 
15 
16 

Table 2-4 
IAG Milestones Completed in 1991 

JAG Milestone 

F d  RSa and final IMARAb W i n  Document 
Final Community Relations Pian 
Draft Phase II  RFVRlc Work Plan (Bedrock) 
IMnRA Implementation Document 
Final Standard Operation Procedures 
Final SOPs Addendum for OU 1 Phase I1 RFYRI Work PIan 
Final Oualiiy Assurance Projed Plan 
Final SOPs Addendum tor OU 2 Phase I1 RFI(RI Work Plan 
Begin Phase 11-A lM/lRA Construdion 
Final Past Remedy Report 
Dratt Work Plan lor Discharge Limits tor Radionudides 
Drat: Phase I RFVRJ Work Plan 
Final Historical Information and Preliminary Heallh Risk Assessment Report 
Dratt Phase 1 RFVRl Work Plan 
Field Treatability Test System Installation Complete 
Final Treatability Study Plan 
Communrty Relalions Plan Responsiveness Summary 
Final Phase II RFllRl Work Plan (Bedrock) 
Drafl Phase I RFYRI Work Plan 
Final Plan for Prevention of Contaminant Dispersion 
IM/IRA Testing 
Final Phase I RFYRI Work Plan 
Final Phase I RFVRl Work Plan 
Begin Phase ll-B IMARA Construdion 
Final Work Plan lor Discharge Limits lor Radionudides 

pescrbtlon 

881 Hillside Area 
903 Pad Area 
Otlsite Areas 
Solar Ponds 
Woman Creek 
Walnut Creek 
Present Landfill 
700 Area 
Original Process Waste Lines 
Other Outside Closures 
West Spray Field 
400iBOO Area 
100 Area 
Radioactive Sites 
Inside Building Closures 
Low-Priority Sites 

02 
Sitewide 

02 
01 

Sitewide 
Sitewide 
Sitewide 
Sitewide 

01 
03 

Sitewide 
05 
03 
06 
02 

Sitewide 
Sitewide 

02 
03 

Sitewide 
01 
07 
05 
01 

Sitewide 
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Table 2-4 (continued) 
IAG Milestones Completed In 7991 

1AG Milestone Ooerable Unit 

Final Phase I RFVRI Work Plan 
Responsiveness Summary on PPCD 
Final Phase I RFVRI Work Plan 
final Phase I RFI/RI Work Plan 
Drat! Phase I RFYRl Work Plan 
Final Phase I RFllRl Work Plan 

8 Responsiveness Summary 
b Interim Measuresllnierim Remedial Action 
c RCRA Facility InvesiigationiRemediai Investigation 

06 
Sitewide 

04  
09 
10 
03 

Initially, during the RR/RI work plan stage, potential chemical-specific ARARs are identified, 
usually based on a limited amount of data. Chemical-specific ARARs at this point have meaning 
only in that they may be used to establish appropriate detection limits so that data collected during 
the RFI/RI may be compared to ARAR standards. As more information becomes available during 
the RFI/RI srage, chemical-specific ARARs may become more refined as constituents are added or 
deleted. Detailed location-specific ARARs are proposed in the RFYRI repor: as the result of the 
RFIRI process. This is followed by action-specific ARARs and remediation goals that are 
identified through the Corrective Measures Study/FeasibiIity Study (CMSES).  A discussion is 
provided in the CMS/FS report for each remedial alternative regarding the rationale for all ARAR 
determinations. Once a preferred remedial action alternative is formally selected in the ROD, all 
chemical-, location-, and action-specific ARARs are also defined in final form. CERCLA requires 
that remediation programs attain ARARS and are protective of human health and the environment. 

EMERGENCY PLANNING A N D  COMMUNITY RIGHT-TO-KNOW ACT 
(EPCRA) 

EPCRA was enacted as a freestanding provision of the Superfund Amendments and Reauth- 
orization Act (SARA) in 1986. EPCRA, also known as SARA Title 111, requires facilities to notify 
state and local emergency planning entities of the presence of potentially hazardous substances in 
their facilities and to report on the inventories and environmental releases of those substances. The 
intent of these requirements is to provide the public with information on hazardous chemicals in 
their communities, enhancing public awareness of chemical hazards and facilitating development of 
state and local emergency response plans. 

Secfions 30 I and 302 

Under Sections 301 and 302, the EPA requires the establishment of state emergency response 
commissions (SERCs), which are responsible for the formation of emergency planning districts, 
and local emergency planning committees (LEPCs). Also under these requirements, facilities that 
produce, use, or store listed extremely hazardous substances above the threshold plannin.g.quantity 
must notify the SERC and the local planning committees. RFP participates in the activines of the 
LEPCs established under these sections for emergency planning at the county level of government. 
RFP also maintains an emergency preparedness document for the plant and conducts annual mock 
emergency response scenarios to determine the effectiveness of the plan and the ability of plant 
directorates to respond. 
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Section 304 

Section 303 appiies 10 releases of extremely hazardous substances tha t  exceed their reporrabie 
quantities and have rhe potential for impact beyond the plant's boundaries. If  the release is 
determined not to pose ;i potential impact beyond the plant's boundaries, then reporring is not 
required under SARh Section 304; however, since il chemical may be listed on both the Extremely 
Hazardous Substances iist under S.4Rd4 and the CERCLA Hazardous Substances list. reporting 
may still be required under CERCLA Section 1G3(d) to the National Response Center, EPA, and 
CDH. When a release occurs that is subject to Section 304, the facility owner or operator mus: 
notify the state and l(xa1 emergency planning committee immediately by phone and again in writing 
as soon as practicable. Seaion 304 requirements apply specifically to facilities such as RFP that 
produce, use. or store one or more hazardous chemicals as defined by the OSHA Hazard 
Communicatior! Sta:?dard. The Permitting and Compliance group of RFP's Waste Programs 
Depmrncnt m&xs these no[ificauons if such releases occur. 

In  1991, there were no reportable releases of extremely hazardous substances or CERCLA 
hazardous substances rhat posed a potenrial impact beyond RFP boundaries. 

Section 3 7 1 

Under Section 31 1, facilities musr submit to the SERC, LEPC, and the fire department, copies of 
Material Safcty Data Sheels (MSDSs) or a list of all chemicals above certain thresholds that are 
defined as hazardous by the OSHA Hazard Communication Srandard. After the initial submittal, 
Section 33 1 requires the submittal of updates within 3 months for new chemicals that become 
subject to the OSH.4 Hazard Communication Standard or after discovering new information. This 
informatior, u'as provided to the SERC, LEPC, and the fire department by RFP's Industrial 
Hygiene Department in 1987 to meet the original requirements; hlSDS updates were provided to 
these agencies when required. 

Seciion 3 72 

Section 3 12 of EPCRA requires facilities to prepare an annual report ritled "Tier TT Emergency and 
Haz;iidous Chemiczi Inventory Forms," listing the quantities and locations of hazardous chemi- 
cals. or a "Tier I" chemical iist report. This section covers hazardous chemicals under OSHA's 
Hazzci Communica:ion standard (with limited exceptions) that are stored at a facility in excess of 
10,000 pounds or in excess of a chemical-specific listed Threshold Planning Quantity. Any facility 
required to prepsre or have available an MSDS for a hazardous chemical under OSHA's Hazard 
Communication srandvd must sebmit Tier I information on a form or, if requested or in lieu of 
Tier I submittal, Tier I1 information to the SERC, LEPC, and the local f i e  department. The Tier I 
or Tier 11 information must be submitted annually, beginning on March 1, 1988. RFP submitred 
this repon to the following agencies for the calendar year 1990 report: Colorado Emergency 
Planning Commission, Jefferson County Emergency Planning Committee, Boulder County 
Emergency Planning committee, and the Rocky Flats Fire Depanment (jurisdictional fire 
de p znm e n t ) . 
F 

Socfion 3 13 

Secriofi ? I3  of EPCR.4 requires that facilities prepare an annual report ritled "Toxic Chemical 
Reiexe Inventory, Form R," if annual usage quantities of listed toxic chemicals exceed certain 
thresholds. Foilowing were the threshold chemical usase quantities for 1991. 
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- 25,000 pounds for listed chemicals either manufactured or processed 
- 10,000 pounds for listed chemicals otherwise used 

Facilities must report quantities of both routine and accidental releases of listed chemicals, 
maximum amount of the listed chemical stored onsite during the calendar year, and amount 
contained in waste transferred offsite. The owner or operator of the facility on the reponing date, 
Ju ly  1 of each year, is primarily responsible for reporting the data for the previous year's 
operations at that iacility. Any other owner or operator of the facility from January 1 of the data 
generation year to June 30 of the repomng year may also be held liable. RFP submitted this report 
to the EPA and to the State of Colorado in 1991 detailing the chemicals used in 1990 (Table 3-5). 
Chemical usage for 1989 is also reported in Table 2-5 for comparison purposes. 

Table 2-5 
Chemicals and Quantitles (Ibs) Used in 1989 and 1990 

a s  Reported on Form R Reports 

Nitric add 
Suliuric Acid 
Carbon tetrachloride 
1,l ,l-trichloroethane 
Phosphoric acid 
Hydrochloric add 
Ethylene glycol 
Freon 113 

223,387 
58,300 
48,212 
45,634 
44,195 
27,575 
13,423 
12,545 

10,244 

12,785 

Carbon tetrachloride and Freon 113 were used in decreasing quantities at RFP between 1988 and 
1990 as a result of waste minimization efforts and the curtailment of plant operations and were 
used in quantities less than 10,OOO pounds in 1990. Many chemicals reponed in 1988 and 1989 
do not appear on the 1990 list as the result of declining use because of the suspension of plutonium 
operations. 

AGREEMENT IN PRlNClPfE (Alp) 

An Agreement in Principle (AIP) was executed between DOE and the State of Colorado on June 
28,1989. This agreement identified additional technical and financial support by DOE to Colorado 
for environmend oversight, monitoring, remediation, emergency res$onse,-and heaith-related 
initiatives associated with the FSP. The agreement also addressed RFP environmental monitoring 
initiatives and accelerated cleanup where contamination may present an imminent threat to health or 
the environment. The agreement is designed to ensure citizens of Colorado that public health, 
safety, and the environment are being protected through accelerated existing programs and 
substantial new commitments by DOE, and through vigorous pro,ms of independent monitorkg 
and oversight by Colorado officials. 

Progams and projects put into place under this a,pement include the air emissions inventory (see 
Clean Air Act above) and concurrent sampling of pond discharges (see Clean Water Act above) 
and the Rocky Flats Toxicological Review and Dose Reconstruction study. This latter study, 
being conducted by CDH, is intended to examine chemical and radionuclide emissions from REP 
and assess what health impacts, if any, may have occurred to the public. A draft report on the 
history of operations at RFF' was completed in February 1992 as part of this study (CDH92). 



S PECiA L ASSIGN MEN T TEAM 

On June 6, 1989, DOE mobilized a Special Assi_rr;?:rn: Texn (’rife: TrLim) to provide an 
independen: audit of opera:ion> and practices z! RFP. T‘::is followed Ini~j;:tion of  a sexch nwrant  
by EPA based on an affidavit alleging regulatory 2nd crimina’; vidation: of environmental law at 
Wp. The United Stares Department of Justice is conducting the investigcilion, and 3 federal grand 
ju?, has been convened to revieup W compliance with appiicnble en\riron~nentll hivs. 

The envircnmental audit was completed on J u l y  21, 1989, and results were reported in the 
A.yscssmetz: of Environmcntal Corzdirioris at tlic Xoch~ Flats Plant (DOE99). EGSrG Rocky Flacs, 
Inc., responded to findings of the Special Assignnent Team i n  Corr!icrii,c ncrion P h i  in Response 
10 rile August I989 Asscssmcnr of Eni?ironnzcnic! Condiriom c: Iiic Rock\. F!CIS Planr (EG90.j. 
This document outlines 93 separate action plans thzi conrain descriprions of mexures to be taken 
by RFP to address findings and includes sched des, niiiestones, associted costs, and parties 
responsible for impkmenting p!rlnned actions. hhny of the activities cescribd in this plan overlap 
or are similar to actions specified in the ALP and IAG described abave 3:id tu the RFP Five-Year 
Plar: {FYP) for environment31 and waste p r o p m s  (EG9 1 c). Pr:),nress concernirig these action 
plans has beer. described in  quarterly reports titied DOE Quarrcr!?’ Envirotunoirc! Compliance 
Action Rcporz (DOE5 lfj. The Commitments Tracking Systen operated by EG&G Rocky Flars, 
Inc., monitors the sutus of action plans. Plan siatus may be “opm;’ meming that work continues 
on one or more tasks within an action pian: “in verification.” meaning that the plan manager has 
cei-tified that pian activities xe compiete 2nd this is being verified: “reopened,” meaning that not all 
plan tasks were verified 2s complete and further work is required; and “verified compiete,” 
rneming :hat ail tasks h a w  been completed and verified. As of December 1991, 34 action plans 
were verified as complete, 29 plans were in verification, and 30 plans were open. 

.. 

SE7?L€MENTAGR€EM€NT (Church vs. DOE, ef d.) 
A settlemenr agreement among DOE, The Dow Chemicai Company, Rockwell InternationaI, local 
oovernments. and private landowners was reach?;! in July 1985. requiring remediarion actions to 
;educe plutonium conramina::on on a r e a  adjacenf to the eastern boundary of RFP. Contamination 
originated from the area nom* 6esigns:td as the 903 Pad and occurred through airborne dispersion 
of plutonium particles. Soils analyses revealed offsitc plL;onicm levels that exceed the Colorado 
siandard of 2 disintegrations per miiiuie per g a m  fdpmlg) (0.9 picocuries per gram [0.9 pCi/g]) 
although the EPA screening level of A<.-? i p m / s  (30.0 pCi/_c) no: exceeded. Court-ordsred 
remedial action “as designated for 350 acts through plowing ::id revegctr?tion to prevent resuspen- 
sion of the plutonium. Ley: ownership of ihese contaminaic2 !znds xm ransferred to Jefferson 
County and the City of Eroomfield for reservoir expansion and open space (no public access is 
permitted). .4pproximately 120 acres of Jefferson County land have bcen treated by plowing, 
tilling, 2nd seeding. Plutonium levels for these LXBS xe now within state limits. Revegetation 
measures, including seeding and mulching. rice conduced on plowed areas during 1991. 
Evdustion of revegetaaon success and weed control to encoursge growth of desirable plant species 
will be conducted during 1992. 



3. ENVIRONMENTAL MONITORING 
PROGRAMS 

The objectives of environmentaI management at RFP are to minimize and, where practical, 
eliminate the discharge of radioactive and nonradioactive hazardous effluents and to restore and 
enhance the environment in and around RFP. Performance of these objectives has been measured 
by monitoring programs designed to quantify potential impacts to the public and the environment. 
This section is an overview of these progams, while Section 3 subsections describe them in 
p a  ter de tail. 

OVERVEW 

W P  conducts operations that invoIve or prduce liquids, solids, and gases containing radioactive 
and nonradioactive potentially hazardous materials. RFP environmental programs monitor 
penetrating ionizing radiation and pemnent radioactive, chemical, and biolo$caI pollutants. Data 
on air, surface water, groundwater, and soils provide information to assess immediate and long- 
term environmental consequences of normal and unplanned effluent discharges and actual or 
potential exposures to critical populations. Site-specific data are used to evaluate risk to humans 
and to assist in the warning of unusual or unforeseen conditions. Routine reports to local, state, 
and federal agencies and to the public provide infomation on the performance of these programs in 
maintaining and improving environmental quality and public health and safety at RFP. TabIe 3-1 is 
a list of rhese reports. Table 3-2 lists the primary environmental compliance standards for 
environmental monitoring programs at W. Additional compliance standards for air, surface 
water, and groundwater progams are given under references EG911, EGglm, and EG92a, 
respectively . 

The Envirommal Moniroring Plan (EG9lk) describes RFP environmental monitoring propms.  
These pro.gams provide current information on impacts to the environment and characterize 
environmentd degadation at sites throughout W P  to identify contaminated sites and to design and 
monitor restoration activities. Sections 3.1 through 3.6 of this report summarize results of routine 
environmental monitoring p r o p m s  at FSP in 1990. Appendix D gives a detailed explanation of 
the sampling procedures used by laboratories and defines detection limits and error term 
propagation. Results are commonly compared to appropriate guides and standards that establish 
limits for raboacrive and nonradioactive effluents. Readers unfamiliar with these standards are 
encouraged to review Appendix B, "Applicable Guides and Standards." 

In addition to environmental programs performed by EG&G Rocky Flats, Inc., several local, state, 
and federal governmental agencies conduct independent audits and environmental surveys within 
and adjacent to RFP. CDH, DOE, and the cities of Broomfield and Westminster conduct various 
air, water, and soil monitoring pro-grams. Data are reponed collectively at monthly Environmental 
Monitoring Information Exchange Meetings. RFP provides monthly environmental monitoring 
summaries at these meetings, which are open to the public and have been ongoing since the early 
1970s. 
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Table 3-1 
RFP Environmental Reports 

R e a u ( a t o t V R a a  

Air Compliance Report (40 C F R  61.94) 

Effluent Information System/Onsite Discharge Information System 

Environmental Protedion Implementation Plan 

Emergency and Hazardous Chemical Inventory Forms flier 11) 

Toxic Chemical Release  Inventory (Form R) 

National Pollution Discharge Elimination S y s l e m / D i s d w g e  Monitoring 
Report 

Polycfilorinaied Biphenyls (PCB) Inventory 

R e s o u r c e  Conservation and Recovery A d  
Groundwater Monitoring Report 

Ro&y Fhts Environmental Monitoring Report 

Rocky Flak Plant S i te  Environmental Report 

Environmental Monitoring Plan 

Air Ouatiiy Management Plan 

Surface Water Management Plan 

Groundwater Protection and Monitoring Program Plan 

Background Geochemical  Characterization Report 

Aneocyb 

EPA 

D O E  

D O E  

C 

EPA 

EPA 

EPA 

E P A C D H  

DOEIEPAICDHI 
CountylCit y 

D O E  

D O E  

D O E  

D O E  

D O E  

E P A C D H  

Freawncv 
Annual 

Annual 

Annual 

Annual 

Annual 

Monthly/ 
Annual 

Annual 

Annual 

Monthly 

Annual 

Annual 

Annual 

Annual 

Annual 

Annual 

a 
b. 

Reports o n  major environmental programs prepared on a periodic basis 
EPA - Environmenla! Protection Agency: DOE - Department of Energy; CDH - Colorado 
Department of Health; C w n t y  - Jef ferson 
Cities - Arvada, BroomfeM. Westminster, Denver, Boulder, Northglenn, Fort Collins 

Jefferson County Emergency Planning Committee 
Boulder County Emergency Planning Commdtee 
Rocky Flats Fire Depaflment 

c. Colorado Emergency Planning Ccmmission 
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Table 3-2 
Primary Compliance Standards for Envlronmental Monitoring Programs 

Monitorina Proararn somotlance Standards 

AIR 
Effluent Air NESHAP (Tale 40 CFR 61)a 

Colorado Air Qualay Control Reguhlion #8 (Title 5 CCR 1001) 
9 General Environmental Protection Program (DOE Order 5400.1) 

Environmental, Safety, and Health Program lor Department of Energy Operations ( W E  Order 5480.18) 

NAAQS (Title 40 CFR 50)b 
a 

Nonradioactive 
Ambient Air Colorado Air Oualiity Control Regulations #1, X2, and $3 (Tale 5CCR1001) 

General Environmental Protection Program (DOE 0:der 5400.1) 
Environmental, Safety, and Health Program for Cepartrnenf of Energy @eraiions (DOE Order 5480.18) 

General Environmental Protection Program (DOE Orde: 5400.1) 
Environmental, Safety, and Health Program lor Department of Energy Operations (DOE Order 5480.18) 

Radioactive 
Ambient Air 

SURFACE WATER 
Surface Water NPDESc (Title 40 CFR 122,125) 

Colorado Water Quality Control Commission Surface Waier Standards (Title 5 CCR fW0) 
General Environmental Protection Program (DOE Order 5400.1) 

9 Environmental, Safety, and Health Program for Department 01 Energy Operations (DOE Order 5480.19) 

Community Water National Interim Primary Drinking Water Regulations (Tfile 40 CFR 141) 
Colorado Primary Drinking Water Regulations (Tifile 5 K R  1002) 
General Environmental Protection Program (DOE Oroer 5400.1) 
Environmental. Safety, and Health Program for Department of Energy Operations (DOE Order 5480.18) 

GROUNDWATER CERCLA (Title 42 U.S.C. 9601)d 
RCRA (Tiale 42 U.S.C. 690l)e 
Colorado Hazardous Waste Management Ad (Tiale 25 CRS. Articie 15) 
General Environmental Protection Program (DOE Order 5400.1) 
Environmental, Safety, and t-ieahh Program for Department of Energy Operations ( W E  Order 5480.1B) 
Colorado Water Quaiity Control Commission Groundwater Standards 

USAEC Rocky Flats Plant, 1973 Environmental Surveiilance Summary Report 
General Environmental Proledon Program (DOE Order 5400.1) 

9 Environmental, Safety, and Health Program for Department of Energy Operations (DOE Order 5480.19) 

RADIATION DOSE - Radiation Protection of the Public and the Environment ( W E  Order 5400.5) 
9 General Environmental Protection Program (DOE Orde: 5400.1) 

Environmental, Safety. and Health Program for Dewitmen: of Energy Operations (DOE Order 5480.1B) 

SOILS 

a Nalional Emission Standards for Hazardous Air d. Comprehensive Environmental Response, Compensation and 

b. National Ambient Air Quality Standards e. Resource Conservation and Recovery Act 
C. 

Pollutants LiabllltY Ac: 

National Pollution Discharge Elimination System 
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THE FIVE-YEAR PLAN (FYP) AND THE SITE-SPECIFIC PLAN (SSP) 

The purpose of the FYP is to establish an agenda for compliance and cleanup against which 
progress will be measured. The plan is revised annually, with a 5-year planning horizon, and 
supports an annual national plan that is issued under the same title. A draft plan for fiscal years 
19?4-1998 u'as prepared in February 1992 and is titied Rock? Flats Plant FY94-98 FilIe-Ycar 
P Zan (EG92b). The FYP encompasses total program activities and costs for DOE Corrective 
Activities, Environmental Restoration, Waste Management, and Applied Research and 
Development. Hazardous, radioactive, mixed (hazardous and radioactive), and sanitary wastes 
are addressed, along with facilities and sites that are either contmiinated with wastes or used in 
the management of those wastes. 

To describe how activities shown in the FYP would be impIemented at RFP, a Site-Specific 
Plan (SSP) is prepared. This plan is revised annually and emphasizes near-term activities, 
primarily those to be accomplished in a fiscal year. Final plans for 1991 (EG91b) and 1992 
(EG92b) have been prepared. 
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3.7 METEOROLOGICAL 
MONITORING AND CLIMATOLOGY 

This section concerns meteorological data collected at RFP from January 1 through December 3 1, 
1991, from instrumentation installed on a 61-m (200-ft) tower located in the west buffer zone. The 
tower is instrumented at 10, 25, and 60 meters to measure horizontal wind speed, direction, 
verdcal wind speed, and temperature. Dew point measurements are made at the 10-m level. Solar 
radiation measurements are taken by a radiometer mounted on an unobstructed platform at 1.5 m 
above ground level. Ground-level precipitation and pressure arc also measured. 

The meteorological monitoring pro ,m suppons various operations at the RFP. Meteordogid 
information is necessary for (1) assessing transport and diffusion characteristics of the au-nosphere 
used in emergency response and environmental impact assessment, (2) designing orher 
environmental monitoring networks, and (3) developing site-specific weather forecasts. 
Meteorological data are also used for climatological analyses, hydrological studies, ana various 
design-base engineering studies. 

The meteorological data included in this report represent 98 percent data recovery from the 61- 
meter tower located to the northwest of the main plant (Figure 3.1-1). Table 3.1-1 is the annual 
climatic summary compiled for 1991. The 1991 climograph of this data is represented in Figure 
3.1-2. 

Figure 3.1-1 e Location of the RFP 61-Meter Meteorological Tower 



Table 3.1-1 
1991 Annual Clirnatlc Summary 

Precipitation 
Tempera!ures (“F) Dewpoint (inches) Wind Data 

Month Lw m tdwl Inta! M!z!!l !daimKu 

January 
February 
March 
April 

June 
July 
August 
September 
October 
November 
December 

May 

55.9 
58.3 
64.4 
68.4 
79.7 
91.6 
90.5 
86.2 
7c.7 

663 
63.0 

82.9 

-5.8 
14 
16.9 
165 
27.7 
45.0 
50.9 
52.2 
34.7 
3.5 
-2.7 
5.7 

29.8 
40.5 
39.7 
421 
55.0 
64.4 
68.7 
67.8 
59.7 
45.8 
36.1 
36.3 

Annual Mean‘ Temperature 49.17 Degrees (F) 
Annual Precipitation 16.06 Inches 
Annual Average Wind Speed 8.7 Miles pec Hour 
Maximum wind Speed Gust 83.7 Miles per Hour 

70 

60 

L 50 

I 40 

5 30 
I- 
C m 

20 

10 

0 

0.41 

0.04 - 

113 
13.8 

22.3 
31 3 
39.6 
45.5 
48.0 
36.7 
23.5 
183 
12.9 

-909 

3 . n  

23 
247  

0.19 
0.04 
0.41 
1.5 
3.77 
2.3 
2.47 
2.45 
0.84 
0.31 
1.72 
0.06 

10.7 
9.4 
116 
8.9 
8.7 
7.6 
7.2 
6.9 
7.4 
8.1 
9.2 
8.7 

72.7 
60 2 
83.7 
53 
47.9 
40.7 
41 2 
46.1 
49 
46.8 
69.3 
65.1 

Pressure 
w 
809 
81 2 
804 
808 
81 0 
81 3 
818 
819 
81 3 
813 

811 
mi 

Preclpttatlon 

4 i3. Temperature 

3.5 

1 

0.5 

0 
Jan Feb Mar Apr May Jun July Aug Sept Oct Nov Dec 

Figure 3.1-2. 1991 CIimograph for the Rocky Flats Plant 
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Tne annual nverage temperature for the RFP was 49.2 "F. The temperature extremes ranged from 3 

minimum of -5.8 "F on January 29 to ;f maximum of 91.6 OF on the afternoon of June 25. The 
peak wind gust of 83.7 miles per hour for the year occurred on March 3. A delure of precipitation 
occurred on August 6 when 1 .IS inches of rair, and hail fell within a '-hour pehod. The _createst 
amount of precipitation that fell over 3 23-hour period was 1.32 inches, which occurred berween 
the morning of June 1 and the morning of June 2. 

The meteorology of RFP is strongly influenced by topography. The proximity of the Rocky 
Mountains and High Plains produce a diurnal cycle to the wind patterns when there are no strong 
stom systems around Colorado. The east-west running canyons to the west of the RFP can 
further channel the local wind conditions. The wind generally blows downslope from the 
mountains to the plains at night; however, daytime wind direcdons are non-preferential (Figure 3.1- 
4). The South Platte River Valley is the area for the confluence and divergence of the air flout 
patterns for the region between the Front Range and the Denver Metropolitan area. Chinook 
windstorms may occur during the late winter and spring as winds moving from west to east over 
the continental divide plunge down the east side of the mountain slopes. Winters are relatively 
mild. The climate is also characterized by wet springs and strong convective activity during the 
summer. 

Table 3.1-2 is the annual summary of the wind direction frequency dismbution divided by wind 
speed categories at the RFP. These data are represented graphically in Figure 3.1-3. Compass 
point designations indicate the true bearing when facing the wind (wind along each vector blows 
toward the center). The predominance of winds with a northwest component is typical at the 
D lZD N L .  

Table 3.1-2 
Wind Direction Frequency (Percent), by Four Wind-Speed 

Classes, at the Rocky Flats Plant 

(Fifteen-Minute Averages-Annual 1991) 

N 
NNE 
NE 
ENE 
E 
ESE 
SE 
SSE 
S 
ssw 
S \"J 
wsw 
W 
WNW 
NW 
NNW 

TOTALS 

- cam 
2.23 

2.23 

1-3 
jme ter/sec) 

2.86 
2.79 
2.97 
2.30 
2.52 
2.83 
2.77 
2.49 
2.50 
2.36 
2.50 
2.66 
3.26 
3.16 
3.18 
2.74 

43.89 

3-7 
(me ters!sec) 

3.85 
2.63 
1.56 
0.92 
c.91 
0.90 
1.98 
2.53 
2.68 
2.28 
3.13 
4.19 
3.21 
4.34 
4.17 
3.04 

43.12 

7-1 5 
(rneterslsed) 

0.01 
0.25 
0.04 
0.02 
0.01 
0.00 
0 .oo 
0.27 
0.24 
0.1 9 
0.19 
0.80 
2.12 
4.25 
1.26 
0.16 

10.18 

>15 
(me terslsec) 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.34 
0.24 
0.01 
0.00 

0.59 

- Total 

2.23 
7.00 
5.67 
4.57 
3.23 
3.44 
3.73 
4.05 
5.29 
5.42 
4.82 
5.82 
7.65 
8.93 

11.99 
8.62 
6.74 

100.0 
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Figure 3.1-3. RFP 1991 Wind Rose - 24 Hour 
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Figures 3.1-4 and 3.1-5 pomay the diurnal pattern of the wind dismbution mentioned in the 
previous section. Day and night were differentiated monthly by using the average sunrise and 
sunset time of each month. Easterly components of the wind differ between day and night periods. 
The wind comes from the North- Northeast (NhT) sector through the South-Southeast (SSE) 
sector approximately 47 percent of the time during the day. The reverse wind sector (South- 
Southwest [SSWJ through Konh-Nonhwest [NhW]) percentage is 39 percent during the day. 
The dominant nighttime flow is from the SSW through NNW sector with over 74 percent 
occurrence. 

- .  
N 

. .  

W 

S 

Figure 3.1-4. RFP 1991 Wind Rose - Day 

: E  
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Figure 3.1-5. RFP 1991 Wind Rose - Night 
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Pasquill-Gifford stability classes are calculated for use in atmospheric dispersion estimates. 
Stability classes at REP were calculated using the Sigma Phi technique. which categorizes the class 
of stability as a function of the standard deviation of vertical wind speed and the mean horizond 
wind speed. The class categories range from A to F, extremely unstabie to moderately stable, 
respectively. The D class represents neutral stability characteristics. By definition, the stability 
class is evaluated as neutral when the average wind speed is greater than or equal to 6 meters per 
second (m/s>. Table 3.1-3 shows the percentage of occurrence of stability classes at the FUT. 

Table 3.1-3 
Percent Occurrence of Winds 

by Stability Class 

s J 3 u u & s  Percent Qcc urrence 

3.30 
2.42 
5.43 

46.20 
36.6 
6.03 

The data show that unstable characteristics (A through C) occur about 11.15 percent of the time, 
with stable cases (E and F) occurring about 42.63 percent. The D stability class large percentage 
(46.2) is partially because of the average wind speed correction factor mentioned above. 
Frequency dismbutions of wind speed and direction for each stability class are presented in 
Appendix A. 
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3.2 AIR MONITORING 
Production and research buildings at RFP are equipped with ventilation exhaust s j s  rems. 
particulate materials generated by production and research activiries are removed from the air 
stream in each exhaust system be means of High Efficiency Particulate Air (HEPA) filters. 
Residual particulate materials in each of these systems are continuously sampled downstream from 
the final stage of HEPA filters. This section includes results of monitoring effluent air, 
nonradioactive ambient air, and radioactive ambient air. 

EFFlUENT AIR MONITORING 

Overview 

For immediate detection o f  abnormal conditions, RFP building ventilation systems that service 
areas con?&ing plutonium are equipped with Selective Alpha Air Monitors (SAAhls). SAAhls are 
sensitive to specific alpha particle energies and are set to detect plutonium-239 and -240. These 
detectors are subjected to daily operational checks, monthly performance testing and calibration for 
airflow, and an annual radioactive source calibration to maintain sensitivity and reliability. 
Monitors alarm automatically if out-of-tolerance conditions are experienced. No such condition 
occurred during 1991. 

At regular intervals, particulate material samples from a continuous sampling system are removed 
from each exhaust system and radiometrically analyzed for long-lived alpha emitters. The 
concentration of long-lived alpha emitters is indicative of effluent quality and overall performance 
of the High Efficiency Particulate Air (HEPA) filtration system. If the total long-lived alpha 
concentration for an effluent sample exceeds the RFP actions value of 0.020 x 10-12 microcuries 
per milliliter (pCi/ml) (7.4 x 104 Becquerels per cubic meter [Bq/m3]), a follow-up investigation is 
conducted to determine the cause and to evaluate the need for corrective action. The action guide 
value is equal to the most resmctive offsite DCG for plutonium activity in air. (See Appendix B 
for guide explanarions.) 

At the end of each month, individual samples from each exhaust system are composited into larger 
samples by location. An aliquot of each dissolved composite sample is analyzed for beryllium 
particulate materials. The remainder of the dissolved sample is subjected to radiochemical 
separation and alpha specnal analysis that quantifies specific alpha-emitting radionuclides. 
Analyses for uranium isotopes are conducted for each composite sample. 

Forty-one of the ventilation exhaust systems are located in buildings where plutonium processing 
is conducted. Particulate material samples from these exhaust systems are analyzed for specific 
isotopes of plutonium and americium. Typically, americium conmbutes only a small fraction of 
the total alpha activity release from RFP. 

Processes that are ventilated from several exhaust systems potentially exhibit trace quantities of 
tritium contamination. Bubble-type samplers are used to collect samples three times each week 
from the monitored locations. Tritium concentrations in the sample are measured using a liquid 
scintillation photospectromerer. 
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Results 

Projected doses to the public from radionuclide emissions were within the NESHAP limits of 10 
mredyear EDE. Section 6, "Radiation Dose Assessment," includes a discussion on radiation dose 
estimates from air emissions. 

Plutonium and Uranium. During 1991, total quantities of plutonium and uranium discharged 
to the atmosphere from RFP processing and support buildings were 0.873 pCi (3.23 x 104 Bq) 
and 1.631 pCi (6.035 )I 104 Bq), respectively (Tables 3.2-1 and 3.2-2). These values were 
corrected for background radiation. Annual plutonium-239, -240 and uranium -233, -234, -238 
emissions for the 1987-1991 period are given in Figures 3.2-1 and 3.2-2, respectively. 

In September 1989, operations of RFP's primary plutonium recovery facility were suspended. 
Operations for the remainder of the plant were suspended following the December 1989 plant 
inventory; these operations did not resume in 1991. Consquendy, overall decreases in radio- 
nuclide emissions during 1991 are a reflection of reduced production activities. 
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Table 3.2-1 
Plutonium in Effluent Air 

M o n a  
January 
February 
March 
April 
May 
June 
July 
August 
September 
October 
November 
December 

Overall 

Number of 
Analvses 

45 
39 
45 
45 
45 
45 
45 
45 
43 
45 
45 
45 

532 

Plutonium-238 

Total Discharge C rnaximuw 
w IXIP” uCllml) 

-0.001 f 0.002 0.0000 f 0.00000 
0.001 * 0.001 0.0000 * 0.00000 
0.002 f 0.003 0.0000 f 0.00000 
0.001 * 0.002 o.oo00 f 0.00000 
0.010 f 0.004 0.0001 f 0.00000 
0.001 f 0.002 0.0000 * 0.00000 

-0.002 * 0.002 0.0000 f 0.00000 
0.001 f 0.002 0.0000 f 0.00000 
0.004 * 0.003 0.0000 +- 0.00000 
0.007 f 0.006 0.0000 f 0.00000 
0.008 f 0.006 0.0000 f 0.00000 
0.000 f 0.003 0.0000 f 0.00000 

0.030b.Cf 0.036 0.0001 f 0.00000 _ -  

Plutoniurn-239,-240 

Total Discharge C maxirnunr w IX1P_’ZJ&&& 
0.030 f 0.007 0.00005 i: 0.00001 
0.017 f 0.007 0,00002 k 0.00001 
0.018 f 0.007 0.00001 f 0.00000 
0.029 f 0.008 O.OOOO1 f 0.00000 
0.220 f 0.035 0.00030 i. 0.00006 
0.036 f 0.007 0.00001 I 0.00000 
0.097 f 0.016 0.00009 f 0.00002 
0.039 i 0.008 0.00003 f 0.00001 
0.027 f 0.008 0.00002 f O.OOOO1 
0.094 f 0.022 0.00003 f 0.00001 
0.022 i 0.008 0.00007 f 0.00002 
0215 f 0.035 0.00006 f 0.00001 

0.843b.C f 0.167 0.00030 f 0.00006 

a Maximum sample concentration. 
b. 
c. 

Minor dscrepandes in lblal discharge values resut! from rounding errors in calcuhtions. 
One or more values contributing to this total are based on kst estimates of release adivitks because sample analytical resuhs 
that met all qudiy assurance criteria were unavailable. 

Table 3.2-2 
Uranium in Effluent Air 

Uranium-233, -234 Uranlum-238 

Month 

January 
February 
March 
April 
May 
June 
July 
August 
September 
October 
November 
December 

Overall 

Number of Total Discharge 
Analvres ufl 

53 0.003 f 0.013 
47 0.004 f 0.013 
53 0.026 f 0.021 
53 0.036 C 0.013 
53 0.143 f 0.029 
53 0.127 f 0.023 
53 0.080 f 0.018 
53 0.032 f 0.019 
51 0.041 f 0.019 
53 0.079 f 0.031 
53 0.035 f 0.021 
53 0.024 f 0.014 

681 0.629b.cf 0.233 

C maximuw 
( x 7 2  LICllml) 

0.0001 i 0.0001 
o.oO01 f 0.0000 
o.ooo1 f o.ooo1 
o.ooo1 It 0.oOc)~ 
o.oO01 f 0.0001 
0.0001 f 0.0001 
0.0001 f o.ooo1 
o.Ooo1 f o.Ooo1 
0.0001 f o.ooo1 
o.Ooo1 f o.ooo1 
0.0001 * o.Oo01 
o.ooo1 f o.oO0o 

o.Ooo1 f o.Ooo1 

Total Discharge C maximuw 
ILLs;u ~ - 7 2 ~ c i i m ~  

0.020 f 0.013 
0.001 i 0.011 
0.033 i 0.012 
0.039 f 0.012 
0.163 f 0.030 
0.147 f 0.021 
0.119 f 0.018 
0.076 i 0.019 
0.063 f 0.020 
0.173 f 0.034 
0.097 f 0.026 
0.070 f 0.019 

0.0002 
o.ooo1 
o.Ooo1 
0.0002 
o.oO01 
0.0003 
0.0005 
0.0002 
o.ooo1 
0.0002 
0.0002 
0.0002 

f 
f 
f 
c * 
c 
f 
f 
f 
f * 
f 

0.0001 
0.0001 
0.0000 
o.oo00 
0.0001 
0 . m 1  
0.0001 
0.0002 
0.M)Ol 
0.m1 
o.Ooo1 
o.ooo1 

1 . e . C  f 0235 0.0005 f 0.0002 

a Maximum sample concentration. 
b. 
c. 

Mimr discrepancies in total discharge values resut from rounding errors in cAa.~latiins. 
One or more values contributing to this total are based on best estimates of release activities because sample analytical results 
that met all quality assurance criteria were unavailable. 
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Figure 3.2-1 Plutonium-239, -240 
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Figure 3.2-2 Uranium-233, -234, -238 



Values reported for total quantities of plutonium and uranium discharged in 1991 vary from the 
monthly environmental monitoring reports because of rounding in calculations and because the 
annual repon includes plutonium-238, -239, and -240. Plutonium-238 represents 3.4 percent of 
the total plutonium discharged in 1991. 

Americium. Total americium discharged in 1991 was 0.150 pCi (0.422 x 104 Bq) (Table 3.2- 
3). Maximum concentration was 0.0006 x 10-12 pCi/ml (0.022 x 10-3 Bq), observed in samples 
taken in January. Americium values were corrected for background radiation. Annual americium 
emissions for the period 1987 - 1991 are shown in Figure 3.2-3. 

Tritium. Total tritium discharged in 1991 from ventilation systems in which mtium is routinely 
measured was 0.0048 Ci (1.77 x 108 Bq) (Table 3.2-4). The maximum mtium concentration of 
94 x 10-12 pCi/ml (3.48 Bq/m3) was observed during June from routine operations in a 
plutor,ii:m production building. Each month is divided into a series of individual sampling 
periods. The sum of discharge for these sampling periods is the total tritium discharge for the 
month. Tritium values incIude a small, unquantified contribution amibuted to natural background 
(Le., non-plant) sources. Annual mtium emissions for the period 1987-1991 are given in Figure 
3.2-4. 

Beryllium. The total quantity of beryllium discharged from ventilation exhaust systems was 
7.086 g and the maximum concentration was 0.0018 pg/m3 observed in April. The beryllium 
stationary-source emission standard is 10 g over a 24-hr period. Table 3.2-5 presents the 
beryllium airborne effluent data for 1991. RFF' stopped using analytical blanks in laboratory 
analysis to correct sample beryllium concentrations in September 1989. Consequently, reported 
beryllium values measure both background and actual emission levels. 

The total quantity of  beryllium discharged in 1991 varies from quantities reported in the monthly 
environmental monitoring reports because the annual report includes values for all 49 exhaust 
systems;, whereas the monthly report gave discharges for six exhaust systems on buildings where 
beryllium is processed Beryllium discharges are monitored monthly at the remaining 43 locations 
but are only given in monthly reports if they exceed a screening level of 0.1 g. Annual beryllium 
emissions for the period 1987-1990 are shown in Figure 3.2-5. Total annual emissions for 1987 
and 19138 differed from values reported in the Annual Site Environmental Reports for 1987 and 
1988. Discharges from all 49 exhuast systems are represented in Figure 3.2-5 whereas values 
reported in the 1987 and 1988 reports were for the 6 exhaust systems. 
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Table 3.2-3 
Arnerfclum In Effluent Air 

Number of Total Discharge C maximum a 

m Analvses w U ' 2  uCllml) 

January 
February 
March 
April 
May 
June 
July 
August 
September 
October 
November 
December 

45 
39 
45 
4 5  
45 
45 
45 
45 
53 
4 5  
45 
45 

0.0075 
0.0076 
0.0008 
0.0046 
0.0070 

0.0221 
0.0092 
0.0080 

0.0126 
0.031 0 

0.0093 

0.0307 

f 
t 
f 
f 
f 
f 
f 
f 

* 
f 

+ 
A 

+ 
A 

0.0030 
0.0032 
0.0039 
0.0044 
0.01 00 
O.OC32 
0.0076 
0.0054 
0.0036 
0.0068 
0.0070 
0.0102 

0.M 
0.0001 
0.0001 
0,0000 
0.0002 
0.0000 
0.0002 
o.Ooo1 
0.0000 
0.0000 
o.Ooo1 
o.Ooo1 

N6 
f 
f 
f 
f * 
f 
f 
f * 
f 
f 

i 0.OOot 
0.0001 
o.Ooo0 
0.0000 
0.0001 
0.0000 
o.Ooo0 
o.oO0o 
o.Ooo0 
o.ooo0 
o.ooo0 
o.Ooo0 

Overall 532 0.15ob.C f 0.068 0.0006 * o.oO01 

a. Maximum sample concentration. 
b. 
c. 

Minor discrepancies in tdal discharge values result from rounding errors in calculations. 
One or more values mntrbuting to this total are based on best estimates of release adiviiies because 
sample analytical results that me! all q d i y  assurance criteria were unavaihble. 

Table 3.2-4 
Tritium in Effluent Air 

Number of Total Discharge C rrraximuw 
w Analvses a u 1 2 & ! 2 ! m u  

January 
February 
March 
April 
M aY 
June 
July 
August 
September 
October 
November 
December 

Overall 

33 
31 
42 
55 
58 
42 
42 
42 
49 
76 
72 
72  

61 4 

0.0001 
0.0002 . 

0.0002 
0.0004 
0.0001 
0.0005 
0.0009 
0.0005 
0.0003 
0.0007 
0.0005 
0.0006 

0.0048s 

19 k 8 
30 f 18 
2 7 i  9 
40 f 17 
21 k 6 
94 i 55 
68 f 10 
6i i 13 
46 f 15 
50 f 8 
92 f 17 
35 ik 16 

94 f 55 

a Maximum sample concentration. 
b. Minor discrepancies in total discharge values resuh from rounding errm in calculaliom. 
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Figure 3.2-3 Americium-241 

8 7  88 8 9  9 0  9 1  

Figure 3.2-4 Tritium 
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Month 
January 
February 
March 
April 
May 
June 
July 
August 
September  
O c t o b e r  
November 
December  

8- 
7- 
6 -  
5 -  
4 -  
3 -  
2 -  
1 -  
0 7- 

Table 3.2-5 
Betylllum In Effluent Air 

Number of 
Analvses 

53 
47 
53 
53 
53 
53 
53 
53 
51 
53 
53 
53 

Total  D l s c h a r g e c  
Inl. 
0.5474 
0.5497 
0.4777 
0.6768 
0.9644 
0.8837 
0.6133 
0.3260 
0.4015 
0.4598 
0.61 25 
0.5725 

C maximud 
W') 
0.0006 
0.0008 
0.0004 
0.0018 
0.0009 
0.0010 
0.0014 
0.0005 
0.0010 
0.031 1 
0.0008 
0.0006 

Overall 681 7.0853 0.0018 

a 

b. 
c. 
d. Maximum sample moentrat ion.  

The beryllium stationary-source is no more than 10 grams of beryllium over a 24-hour period under the 
provisions of subpart C of 40 CFR 61.32(a). 
Beginning in June 1989, concentrations and emission values were not corrected for background contribution. 
T h e s e  values a r e  not significantly different from the background assodated with the analysis. 

0.8% 

1 

4.94 

1.72 

8219 

T 

7.036 

87 88 89 90'  9 1 "  

Figure 3.2-5 Beryllium 
* These values are not corrected for background levels 



NONRADlOACTlVE AMBIENT AIR MONlTORlNG 

Nonradioactive ambient air monitoring was conducted in 1991 for total suspended parrjculares 
(TSP) and respirable panicu1:rres (less thm or equal to 10 nlicronieicrs Iprn]) in  diamerer. Ambicnr  
pmiculates are regulared bj. EPA 2nd CDH under Clem .4ir Acr Arnendmenls of 1’370 a i d  1977, 
as defined by the Narional Ambient Air Quaiit!, standards ( N A A Q S )  and Colorado Air Quaiit). 
ControI Commissjon Ambient Air Standards. Regularion is based on regional rather than site- 
specific air quality parameters. Formerly, EPA puticuiate standards (NAAQS) were based on 
TSP, a measure of total paniculate recovery, regard!ess of particul2:e size. The present EPA 
standard, referred to as Particulate Matter-10 or PM-IO, is based on respirable particulates, those 
particles less than or equal to 10 pm in diameter. Final EPA respirable paniculate standards were 
issued on July 1, 1957 (EPA87a), and reference methods were issued on October 6 and December 
1, 1987. PM-10 samplers at RFP were procured 10 meet EPA design specifications. 

Ambient air monitoring. at RFP provides baseline information on particulate levels. Table 3.2-6 
identifies sam?ling equipment used for measuring particulates. RFP monitors ambient air &.ith 
both TSP and PM-IO samplers. CDH has requested concurrent TSP sampling until changes have 
been made in state reguiations to reflect PM-IO chanzes rn federal rep!arions. TSP and PAI-IO 
samplers are collocated near the east enrrmce 10 UP. This location is unobscured by structures, 
near a traffic zone, and generally downwind from plant buiidinzs. Samplers arc operated on ~n 
EPA sampling. schedule of one day per every sixth day. TSP is measured by rhe EPA-refercnced, 
high-volume au sampling method. 

Resulfs 

Particulate data are shown in Table 3.2-7; current (PM- i G )  and former (TSP N.4.4QS) standards 
are given in Appendix B. The hishest TSP value recorded in  1991 (24-hr sample) w ~ s  82.3 
micrograms per cubic meter (pgjrn3) (32 percent of the former TSP 24-hr primary standard). and 
the annual geometric mean value was 39.8 pglrn3 (53 percent of former TSP prim=-\. annual 
geometric mean standard). Tne observed 24-hr maximum for the PM-10 sampier WPS 26.3 p g h ;  
(18 percent of the p r i r n q  23-hr srandard) and the annual arithmetic mean was 13.6 sgg’x3 (27 
percent of rhe p r i m q  annual arithmetic mean standard). Mean annual concentrations of particu- 
lates for onsite ambient TSP samplers (1987-1991) and PM-10 sampiers (1987-1991) are shown 
in Figure 3.2-6. 



Table 3.2-6 
Ambient Air Monitoring Defection Methods 

parameter petection Methods 

Particulate Matter less than 10 micrometers in diameter (PM-10) 

Told Suspended Particulates (TSP) 

Wedding PM-10 Sampler 
24-Hour Sampling (6th-day Scheduling) 

Reference Method (Hi Volume) 
24-Hour sampling (6th-day scheduling) 

Table 3.2-7 
Ambient Air Quality Data for Nonradioactive Particulates 

Jotal SusDend ed Part iculatep 

Annual Standard Observed Second Lowest 
Total- No. Geometric Deviation 24-hr. Max. Highest Observed 

of Samoles Mean (ualm3) -3) -3) Max. (ualrnJ1 Value (uaims) 

Primary Ambienl Air TSP  36.0a 39.8 18.4 82.3 79.2 17.3 
Particulate Sampler; 
Reporting Unit 

Collocated Duplicate TSP 
Sampler 

52oa 36.8 152 74.9 73.6 

Respirable Particulates (PM-10) 

Annual 0 bserved Second 
Total No. Arithmetic 24-hr. Max. Highest 

of SarnDles Mean lualrn31 -31 Max. lualq3) 

Primary Ambient Air PM-10 Sampler 49.0 13.6 24.0 22.6 

Collocated Duplicate PM-10 Sampler 49.0 13.5 26.3 22.2 

12.8 

8 The difference in number of samples from primary and collocated duplicate samplers is because of motor failure during a time of 
lower. response tecfiniaan support. 
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50 = TSP (NAAQS) 60 = PM-70 (NAAQS) 

Figure 3.2-6 TSP and PM-10 

RADlOACTlVE AMBIENT AIR MONiTORlNG 

Overview 

Ambient air samplers monitor airborne dispersion of radioactive materials from RFP into the 
surrounding environment. Samplers are designated in three categories by their proximity to the 
main facilities area. Twenty-three onsite samplers are located within RFP, concentrated near the 
main facilities area (Figure 3.2-7). Fourteen perimeter samplers border RFP along major 
highways on the north (Highway 128), east (Indiana Street), south (Highway 72), and west 
(Highway 93) (Figure 3.2-7). Fourteen community samplers are located in metropolitan areas 
adjacent to RFP (Figwe 3.2-8). Samplers operate continuously at a volumetric flow rate of 
approximately 12 liters per second (I/s) (25 cubic feet per minute [ft3/min]), collecting air 
particulates on 20 x 25-cm (8 x 10-in) fiberglass filters. Manufacturer's test specifications rate this 
filter media to be 99.97 percent efficient for relevant particle sizes under conditions typically 
encountered in routine ambient air sampling (SC 82). 

Filters were collected biweekly from all samplers, composited by location, and analyzed monthly 
for plutonium. 
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II LEGEND 

Nac: mII u r n o h  mnWmd for Pu II 

Figure 3.2-7. Onsite and Perimeter Ambient Air Samplers 



LEGEND 

Community Air Sampkn 

Figure 3.2-8. Community Ambient Air Samplers 
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Results 

Plutonium concentmiions for onsite samplers are given in T:!ble 3.2-8. Plutonium concentrations 
for perimeter and community samplers are given in Table 3.2-9. Overall mean plutonium 
concennatior, for onsire samplers u’as 0.073 x 10-15 pCi;ml ( 2.7 >; 10-6 Bq/m3 ), 0.36 percent of 
the  offsite DCG for plutonium in air (Appendix B). Overall mean plutonium concentration for 
perimeter samplers was 0.001 x 10-15 pCi/ml (3.7 x 10-8 Bq/m3). Overall mean plutonium 
concentration for communiry samplers was 0.001 x 10-15 pCi/ml (3.7 x 10-8 Bq/m3). These 
values are both 0.005 percent of the offsire DCG. 

Mean annual concentrations of plutonium for 1987 -1991 are shown in Figure 3.2-9 (onsite 
samplers) and Figure 3.2-10 (perimeter and community samplers). The onsite data ;tx based on 
the mex, of the annual concentrations from five locations, S-5 through S-9, which represent the 
areas where the highest concentrations would most likely be observed. Isotope-specific analyses 
were not reported for other onsire locations until 1990. The perimeter and community data points 
are the annual averages of fourteen locations within each of these areas. 



Table 3.2-8 
Onsite Ambient Air Sampler Plutonium Concentrations8,b 

Number Concentration (x 10.15 pCl/ml)c Standard Devlatlon Percent of o f  DCGd 
Station of SamDles CminimumCmaximvm 52nlsxI G2imdXa fGJsma 
St 
s-2 
s -3  
s -4 
s-5 
S-6 
s-7 
S-8 
S-9 
$1 0 
s11  
S12e 
S 1 3  
S-14 
s 1 s e  
Sl 6 
S17 
$1 8' 
s-19 
s-20 
S21 
s-22 
S-23 
S-24 
S-25 

7 
11 
6 

11 
12 
12 
12 
10 
11 
11 
9 
6 

10 
8 
8 

11 
11 
11 
11 
12 
12 
11 
12 
11 
11 

0.209 
0.001 

-0.002 
0.001 
0.003 
0.010 
0.012 
0.010 
0.002 
0.001 
0.000 
0.002 

-0.002 
-0.004 
0.000 
0.000 
0.005 
0.003 
0.002 
0.007 
0.002 

4.001 
4.001 
4.001 
0.001 

3.197 
0.073 
0.006 
0.015 
0.106 
0.362 
0.107 
0.169 
0.461 
0.093 
0.01 5 
0.010 
0.028 
0.006 
0.012 
0.028 
0.050 
0.220 
0.022 
0.461 
0.023 
0.01 1 
0.01 1 
0.132 
0.708 

1.152 
0.01 2 
0.002 
0.007 
0.045 
0.125 
0,050 
0.062 
0.082 
0.014 
0.005 
0.006 
0.006 
0.001 
0.003 
0.005 
0.013 
0.038 
0.013 
0.052 
0.009 
0.005 
0.003 
0.022 
0.162 

1.085 
0.021 
0.003 
0.005 
0.033 
0.1 14 
0.033 
0.054 
0.1 34 
0.027 
0.004 
0,003 
0.009 
0.003 
0.004 
0.008 
0.013 
0.062 
0.005 
0.129 
0.007 
0.004 
0.004 
0.042 
021 1 

5.758 
0.058 
0.008 
0.035 
0.223 
0.623 
0.252 
0.412 
0.410 
0.070 
0.023 
0.029 
0.028 
0.004 
0.01 6 
0.027 
0.066 
0.190 
0.063 
0.261 
0.046 
0.023 
0.01 7 
0.1 1 1 
0.808 

Overall 248 -0.004 3.197 0.073 0.075 0.365 

a Data provided in this t&ie are based on various periods of sampling. The locations not marked with an asterisk are calculated 
on a 12-month basis. The o!her locations are calculated using less than 12 months of data due to mechanical malfundions, 
incomplete laboratory anaiyses, or the installation of a new sampler (S25) that has not been in service for a complele year. 
Isotope-specifc analyses were reported only for locations S-5 through S-9 before 1990 (see Figure 32-7). These five 
samplers are the only onsite lodons  included in the 5-year trending portion of this report. 
Concentrations refled monthly compodes of biweekly station concentrations; C minimum = minimum mmposited 

The DOE Derived Concentration Guide (DCG) for inhalation of class W plutonium by members of the p d i c  is 20 x 1015 
pCi/ml (Appendix E). Protection standards for members of the public are applicable for offsite locations. All locations in 
this tabie are on RFP property. DCGs for the public are presented here lor mpariscn purposes only. 
These stations have been removed. 

b. 

c. 

d. 
. ancentration; C maximum = maximum composited concentration; C mean = mean composited concentration. 

e. 
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Statioq 

S-31 
S-32 
s-33 
s-34 
s-35 
5-36 
s-37 
s-38 
s-39 
S40 '  
S41  
s 4 2  
s43 
s-44 

Overall 

Statioq 

s51 
S-52 
s-53 
S-54 
s-55 
S-56 
S-57 
S-58' 
s-59 
S-60 
S-62 
S-68 
s-73 

Table 3.2-9 
Perimeter Ambient Air Sampler Plutonium Concentrationsa 

Concentration ( x  1015 pCi/ml) (b )  Standard Deviation Percent of DCG(c) 
C mzximm Lmxl IC standa r#J fsLEWd 

Number 
gf Samples $minimum 

11 
12 
11 
10 
11 
12 
11 
11 
11 
12 
12 
9 

12 
12 

-0.003 
-0.003 
-0.002 
-0.002 
-0.003 
-0.001 
0.000 

-0.002 
-0.002 
0.000 

-0.002 
-0.001 
-0.001 
-0,001 

0.007 
0.006 
0.007 
0.002 
0.005 
0.004 
0.01 a 
0.006 
0.007 
0.005 
0.003 
0.002 
0.003 
0.008 

o.oc2 
0.001 
0.001 
0.001 
0.001 
0.001 
0.004 
0.001 
0.002 
0.002 
0.000 
0.001 
0.001 
0.002 

0.003 
0.003 
0.003 
0.001 
0.002 
0.002 
0.005 
0.003 
O.OC3 
0.002 
0.001 
0.001 
0.001 
0.003 

0.009 
0.004 
0.006 
0.003 
0.004 
0.004 
0.020 
0.007 
0.009 
0.009 
0.002 
0.003 
0.006 
0.010 

1!7 -0.003 0.01 8 0.001 0.002 0.007 

Community Ambient Air Sampler Plutonium Concentrationsa 

Number 
of Samoles 

10 
12 
12 
12 
7 

12 
7 

12 
12 
10 
12 
11 
12 

Concentration (x 10-15 pCilmi) b 
C minimum C maximum C mean 

-0.003 
-0.001 
-0.002 
-0.003 
0.000 

-0.002 
0.001 

-0.002 
-0.002 
-0.002 
-0.003 
-0.002 
-0.005 

0.003 
0.005 
0.022 
0.004 
0.003 
0.004 
0.007 
0.019 
0.004 
0.014 
0.004 
0.008 
0.002 

0.001 
0.002 
0.002 
0.000 
0.031 
0.001 
0.002 
0.003 
0.001 
0.003 
0.001 
0.002 
0.000 

Standard Deviation 
I C  standara 

0.002 
0.002 
0.007 
0.002 
0.001 
0.002 
0.002 
0.006 
0.002 
0.005 
0.002 
0.003 
0.002 

Percent of DCGc 
iu!!&a 

0.004 
0.010 
0.01 1 
0.000 
0.007 
0.005 
0.011 
0.014 
0.003 
0.013 
0.005 
0.010 
0.002 

Overall 141 -0.005 0.022 0.001 0.003 0.007 

a 
b. 

c. 

Data provided in this table are based on an 12-month period except those marked vnth an zsterisk 
Concentrations reiled monthly composites o! biweekly station concentrations; C minimum = minimum composlted 
concentration; C maximum = maximum composited concentration; C mean E mean composited concentration. 
The DOE Derived Concentration Guide ( D E )  for inhalation of class W plutonium by members of the public is 20 x 10-15 
pCi/ml (Appendix 5). Protection standards for members 01 the public are applicable for offsite locations and are based on 
calculated radiation dose. 
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pCi/rnl x 10  -I5 

2 = 10% of Derived Concentration Guide 

1.5 

0.639 

0.5 

0 
87 88 89 90 91 

'Based on mean of annual concentrations for S-5 through S-9. 

Figure 3.2-9 Plutonium-239, -240 
(Onsite Samplers )  

0.02 = 0.1% of Derived Concentration Guide 

0.01 5 

0.01 

v) 
0 
0 

N 
0 

0.005 
O 0  ' - r  o r  - -  

9 9  9 9  
0 0  - 0 0  

0 0  

0 Ezn 
87 88 89 90 91 

Figure 3.2-1 0 Plutonium-239, -240 
(Perimeter and Community Samplers) 
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3.3 SURFACE WATER MONITORING 

Surface water management at RFP focuses on the North Walnut Creek, South Walnut Creek, and 
Woman Creek drainages. These dninages receive runoff from the main faciIities area and mated 
sanitary waste water and contain earthen impoundments that resuict offsite discharges allowing 
water testing and, if necessary, treatment to meet quality standards. Additional sites throughout 
FZFP are monitored to characterize background water quality and to evaluate potential contaminant 
releases from specific locations. This section reports results of RFP surface water monitoring as 
well as that of several of the communities that surround the RFP. 

DRAINAGE SYSTEMS 

North Walnut Creek 

North Walnut Creek receives surface water run-off and some seepage water from the northern 
pomon of the main facilities area and from the adjacent grounds associated with the drainage. The 
drainage area encompasses approximately 371 acres (Figure 3.3-1). The length of the North 
Walnut Crezk reach from the West Interceptor Ditch to the out-fall of Pond A-4 is approximately 
10,500 feet. Ponds A-1 and A-2 are isolated from Walnut Creek at the A-1 bypass. The gate valves 
at the A-1 bypass have the capabilities to divert the North Walnut Creek sueam flow by way of an 
underground pipeline to Ponds A-3 or A-4. Ponds A- 1 and A-2 are maintained for emergency spill 
control for the northern portion of the main facility. Under routine circumstances, the water 
comprising Pond A-2 is direct precipitation, minimal run-off, or water transferred from Ponds A- 
1, B-1, and B-2. Pond A-2 volume is maintained by spray evaporation; fog nozzles direct the 
spray over the surface of the ponds. Pond A-3 on North Walnut Creek is used to impound the 
surface run-off for water quality analysis prior to NPDES discharge to Pond A-4 and subsequent 
release offsite to the Broomfield Diversion Ditch. Pond A-4 is located downstream of Pond A-3 on 
No& Walnut Creek and provides the capability for additional water qualiry monitoring, additional 
detention capacity during storm or flood conditions, and water treatment if required. The volnmet- 
nc  capacity of pond A-1 is 1.40 million gallons; Pond A-3,6.00 million gallons; Pond A-3, 12.37 
million gallons; and Pond A-4, 32.50 million gallons. 

South Walnut Creek 

South Walnut Creek receives surface-water run-off and some seepage water from the centrai 
portion of the main facilities area and from the adjacent grounds associated with the drainage. The 
drainage area associated with a portion of South Walnut Creek is approximately 347 acres (Figure 
3.3-1). The length of the South Walnut Creek reach from Building 131 at First Street to PondlB-5 
is approximately 9,625 feet. Ponds B-1 and B-2 are isolated from South Walnut Creek at the E-1 
bypass. Ponds B-1 and B-2 are maintained for emergency spill contrd for the central portion of the 
main facility. In the event of a spill emergency, the gate vaives at the B-1 bypass have the 
capability of divemng South Walnut Creek flows to Pond B-1, and succeeding overflow to pond B- 
2. The Waste Water Treatment Plant (WWTP) (also known as the Sewage Treatment Plant) has 
bypass capabilities to Ponds B-1 and B-2 in the event of an upset or emergency. Under normal 
operation, the B-1 bypass conveys surface run-off water by an underground pipeline from t he  
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bypass to Pond B-4 and subsequently to Pond B-5. During major precipitation events, storm water 
may be diverted prior to the B-1 bypass at the Central Avenue splitrer box. These high flows are 
diverted directly to Pond B-5. 

The WWTP discharges treated sanitary effluent to Pond B-3. Pond B-3 i s  impounded during 
evening hours and is released to Pond B-4 during daylight hours on a daily basis. Pond B-4 is a 
controlled flow-through pond, and all flow is conveyed to Pond B-5. Pond B-5 is the terminal 
pond of the B series on South Walnut Creek. In  the past, water was discharged from Pond B-5 
offsite; under prevailing operations, water quality analysis and sampling. is conducted on Pond B-5 
prior to transfer to Pond A-4,for final discharge offsite. The volumemc capacity of Pond B-1 is 
0.50 million gallons; Pond B-2, 1.50 million gallons; Pond B-3, 0.57 million gallons; Pond B-4, 
0.18 million gallons; and Pond B-5,24.19 million gallons. 

Woman Creek 

Woman Creek flows south of the main plant facility. The drainage area associated with Woman 
Creek is approximately 1,400 acres (Figure 3.3-1). The length of Woman Creek from the West 
Gate to Indiana street is approximately 22,000 feet. There are three sources of flow to :ne Woman 
Creek: precipitation and surface run-off, seepage from Antelope Springs and lessor seeps, and 
conveyance flows because of water rights agreements. These include flows from Kinear ditch, 
Smart Ditch #1, and/or Smart Ditch #2 into Woman Creek. Woman Creek sueam flows through 
Pond C-1 and then is diverted around Pond C-2 by way of the Woman Creek Bypass Canal. 
Woman Creek flows are either diverted into the Mower Diversion Ditch or proceeds in Woman 
Creek to Xndiana Street and offsite. 

Surface water run-off from the southern portion of RFP is collected by the South Interceptor Ditch 
and conveyed to Pond C-2. The drainage area associated with the South Interceptor Ditch is 
approximately 193 acres. The South Inrerceptw Ditch is approximately 7,700 feet in length. Water 
is impounded in Pond C-2 and held for quality analysis. Upon approval, water is discharged by 
pipeline to the Broomfield Diversion Ditch. In the past, water was discharged to Woman Creek and 
entered Stanley Lake. The volumemc capacity of Pond C-1 is 1.70 million gallons and Pond C-2 is 
22.60 million gallons. 
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Figure 3.3-1. Holding Ponds and Liquid Effluent Water Courses 
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MONITORING PROGRAMS 

Detention Ponds Monitoring 

Before discharge from Ponds A-3 and C-2, samples are taken and split for analysis by CDH, 
EG&G Rocky Flats, Inc., and independent EPA-regisrered laboritones. Discharges are monirored 
for parameters listed i n  Appendix B in compliance with NPDES permit limitations. In addi:ion, 
water quaiit? is tested to ensure h a t  ir meets C W Q K  standards for Segment 4 of Big Dry Creek 
before release. These standards are listed in Appendix B. Water is released with concurrence from 
CDH. Carbon adsorption and filtration facilities are available if requried. Treatment capacity at 
Pond A-4 and C-2 are 1,400 gallons per minute(gpm) and 750 gallons per minute (gpm), 
respectively. 

Samples of all discharges from Ponds A-4 and C-2 are collected by daily composites for weekly 
analysis of plutonium, uranium, and americium. Tritium, pH, nitrate (as nitrogen), and non- 
volatiie suspended solids are analyzed daily. Chromium and whole effluent toxicity (WET) 
samples are analyzed monthly. Monthly chromium and WET samples are also collected on Pond B- 
5 cansfers. Discharges from Pond C-2 and flow from Walnut Creek near its intersection with 
Indiana Street are sampled in a similar manner. Daily samples from Pond C-2 and Walnut Creek 
are analyzed for tritium. Daily samples are composited weekly for plutonium, uranium, and 
americium analysis. 

Discharges from Ponds A-4 and B-5 enter Walnut Creek and are diverted around Great Western 
Reservoir using the Broomfield Diversion Ditch. Discharges from Pond C-2 are pumped through 
an 8,000-ft pipeline into the Broomfield Diversion Ditch, which eventually discharges into the 
South Platte River. Monthly flow and discharges for 1991 at Ponds A-4, B-5, C-2, and C-1 and 
for Walnut Creek at Indiana are given in Table 3.3-1. 

Table 3.3-1 
Monthly Flow and Discharges for 7997 (gallons) 

2 
0. 
C. 
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Walnut Creek 
- Month at Indiana Pond A 4  Pond 8-5 Pond C-2 

January 
February 
March 
April 

June 
July 
August 
September 
Oc!obe: 
November 
Deezmkr 

Nay 

898,000 
13,334,000 
14,459,000 

6.699,OOO 
20,362,000 
62,072,000 
4,667,000 
9,689,000 

13,412,000 
7,628,000 
Low Row 

26,387,000 

1,052,000 
11,515,000 
13,185,000 
7,159,000 

14,925,000 
46,335,000 

3,916,000 
7,i61,000 

12,519,000 
7,952,000 

No Discharge 
27,076,000 

No Discharge 
No Discharp 
No Discharge 
No Discharge 
No Discharge 
No Discharge 
No Discharge 
No Discharge 
No Discharge 
No Discharge 
No Discharge 
No Disctars 

No Discharge 
No Discharge 
No Discharge 
No Discharge 
N o  Discharge 
10,772,000a 

No Discharge 
No Discharge 
No Discharge 
No Discharge 
No Discharge 
No Discharge 

Total 179,627,000 152,795,000 No Discharge 10,772,000 

Dischzrge is directed vi2 pipeline lo Broomfield Diversion Ditch. 

Pond C-1 

8,949,000 
9,767,000 
2,939,000 
4,461,000 
8,316,000 

7,099,000b 
1,528,000 
3,372,000 

667,000 
2,451,000 
8,857,000 
5,901,000 

57,208,000 

Volume represents estimate from 25-year storm event; flow measirement equipment could not accurately quantify volume. 
Fiow was observed, but flow measurement equipment could not accurately quantify volume. 



Sitewide Moniforing 

In addition to monitoring discharges from detention ponds, RFP conducts sitewide surface-water 
sampling proguns IO evaluate potential contaminant releases and to chwacterize baseline water 
quality. These proFams assess trends and changing condirions in surfxe-water qualiry,  detect 
extreme values or excursions beyond a limit, assess the relationship between water quality and 
flow, identify new contaminant sources and reIeases, and address surbce-water sediment 
inrerac tions. 

Routine sitewide monitoring was begun in early 1989 to provide sudace-water qualit!* and flow 
infomarion for seeps and drainages in the main facilities area and buffer zone that may be affected 
by plant operations. The focus of this sampling program was to measure potential contaminants to 
surface water from suspected source areas such as designated CERCLA OUs. Results for 1989 
are reported in the dxumen: titled Drafr I989 Surface Watcr and Sediment Geoclicrnical Cluzracter- 
ization Report (EG9ld). 

The sitewide pro,gram includes monthly surface water sampling at 108 locations and quarterly 
sediment sampling at approxim3reIy 32 locations plantwide. The sitewide pro,mm will be modified 
in 1992 to accommodate remedial investigation data coIiection and additional characterization 
needs. This modification will involve a large reduction in the number of monitoring locations and 
sampling fiequency. The sitewide program has provided data for 3 years of moniroring. EG&G is 
confident that these data are of adequate quality and quantity to meet DOE Order 5400.1 character- 
ization requirements. 

Additional sitewide characterization will be accomplished through storm-event monitoring at a 
network of 13 stream gages located plantwide. Stream gages are equipped wirh continuously 
recording stream flow monitors and automatic samplers that are pro,srammed to sample storm- 
event flows. Since the potential for contaminant transport is ,?atest during storm events, storm- 
event monitoring will provide better information for charactenzation of conraminant fate and 
transport than does the cunent sitewide pr0,ga.m. 

A separate background monitoring p r o e m  began in 1989 to establish baseline water quality data 
for waters unaffected by plant operauons. These data serve as a comparison to samples from 
affected areas of RFP to judge the potential impact of contamination from plant activities. 
Monitoring stations were selected up-wdient and sidegradienr of the main facilities where no 
impact from piant acuvities was presumed. ResuIts are reponed in the document titled Background 
Geochemical Characrerizarion Report for 1989 (EG90f). 

MONITORING RESULTS 

N on radio logic ul Monitoring 

The hTDES Federal Facilities Compliance Agreement (FFCA) between EPA and DOE, finalized in 
199 1, established an additional monitoring point at the \W. Most limitations and monitoring 
requirements previously applied ar outfall 001 are now applied at the b W P .  

Annual average concentrations of chemical and biological constituents measured in surface-warer 
effluent samples collected from Ponds A-3 (discharge point W2), A-4 (discharge point iiSoOS), 
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B-3 (discharge point Wl), B-5 (discharge point #006), and C-2 (discharge point #007) before 
and following the finalization of the FFCA are presented in Tables 3.3-2 and 3.3-3, respectively. 
These concentrations are indicative of the overall quality of effluent discharges. &-Ktin discharges 
must meet KPDES permit monitoring and compliance limitations described in Appendix B. 

Table 3.3-2 
Chemical and Biological Constituents In Surface Water Effluents 

at NPDES Permit Discharge Locarlons January through April, 1991a.d9e 

earameters 
(Pond 8-3) 

pH, standard unds 
Nitrate ar. N, moil 
Total Suvended Solids, mgA 
Total Residual Chlorine. mgll 
Total Chromium, mgA 
Total Phosphorus. mgA 
Fecal Coliform, tnOO ml 
Biochemical Oxygen Demand 

(BODS), m@ 

Pischarae 002 (Pond A-3) 
pH, standard units 
Nitrate as N, mgA 

Number of 
,4nalvses C rninimumb C rnaximumb C rnea$.c 

89 6.17 8.14 NIA 
35 0.65 4.24 1.83 
35 0 26 7 
89 0 .3 .02 
35 ~0.006 0.0107 0.0067 
34 0.13 1.09 0.43 
36 e10 30 10 
33 c2.5 11.8 6.4 

3 
3 

8.2 8.65 MA 
0.66 4.12 2.94 

Discharae 003 (Reverse Osmosis Pilot Plant) 

Pischarae 004 (Reverse Osmosis Plant) 

pischarae 005 (Pond A-4) 

During 1991 there were no discharges. 

During 1991 there were no discharges. 

pH. standard units 64 6.3 8.1 5 NIA 
Nitrale as N, mgA 64 2.28 5.89 4.80 
Nonvolatile 

Suspended Solids, mgA 64 0 15 2 

Pischarae 006 (Pond 8-5) During 1091 there were no discharges. 

Pischarae 007 (Pond C-2) There were no discharges January through April 1991. 

NPDES permrt limtations are presented in Appendix B. 
C minimum = minimum measured concentration; C maximum = maximum measured concentration; C mean = mean measured 
concentration. 
For Fecal Coliform, t/lmmI geometric mean used. 
Average annual concentration reported for each parameter is an estimate of central tendency (mean value) for all samples 
colleded dunng the year. This provides an estimate of average effluent water quality for the entire year. The maximum values 
listed are the highest values observed and represent the worst-case scenario lor the entire year. The NPDES Permit limits are 
specified as "Monthly Average'and 'Weekly Average' and are measures of central tendency for the shorter time periods as 
required by the permit. The 'Daily Maximum' is the largest value measured during fhe month. EPA has eslablished limits tor these 
required reporting intervals. 
Results measured prior to finalization of the FFCA. 



Table 3.3-3 
Chemical and Biological Constituents In Surface Water Effluents 

at NPDES Permit Discharge Locations April through December 19914 d 

parameters 
Number of 
jnalvseg C minimumb C maximumb C meanb.c 

alae O R 1  (Pond 8-3) 
Nitrate as N, mgh aa  0.15 13.3 4.48 
Totaal Residual ChJohe. mgA 244 0 0.41 

Pischarae 002 (Pond A.3) 
pH, standard u n a  
Nitrate as N ,  mgd 

39  7.17 8.95 N/A 
3 9  0.71 3.33 1.62 

Discharoe 002 (Reverse Osmosis Pilot Plant) 

Escharae 004 (Reverse Osmosis Plant) 

During 1991 there were no discharges. 

During 1991 lhere were no discharges. 

u r a e  005 (Pond A-4) 
Total Chromium, ugh 8 <5 

Discharae 006 (Pond B-5) 

Pitcharae 007 (Pond C-2) 

During 1991 there were no discharges. 

Total Chromium, ugii 3 <? 

Discharae 902 (Sewage Treatmenf Plant) 
pH, s:andard units 274 
Total Suspended Solids, mgfi 102 
Oil and Grease, mgA 0 
Total Phospnonrs. mgii 111 
Total Chromium, ugA 33  
Fecal Coliform, %/lW mi 116 
Carbonaceous Biochemical Oxygen 107 

Demand (BOD5), mgA 

6.2 
0 
0 

<.l 
<5 
<1 
0.1 

6 6 

c7 <7 

7.0 NIA 
38 6 

0 0 
2.52 0.39 
0.3 5.9 
220 10 
13.7 3.1 

;r 
b. 

c. 
d. 

NPDES permif limitations are presented in Appendix B. 
C minimum = minimum measured concentration; C maximum = maximum measured concentration; C mean = mean measured 
concentra:ion. 
For Fecal Coliform, #/fWml geometric mean used. 
Average annual Concentration reported for each parameter is an estimate of central tendency (mean value) for all samples 
colleded during the year. This provides an estimate of average effluenl water quality for the entire year. The maximum values 
listed are the highest values observed and represent the worst-case scenario for the entire year. The NPDES Permit limits are 
specified as "Monthly Average'and 'Weekly Average' and are measures of central tendency lor the shorter time periods as 
required by the permit. The "Daily Maximum' is the largest value measured during the month. EPA has established limits lor these 
required reporting intervals. 

- 
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Radiological M oni f oring 

Concentrations of plutonium, uranium, americium, and r i t i um in  water samples from the outfills 
of Ponds A-4, C-I, C-2, and from LValnut Creek ai Inciz~nr;  Sneet are presentcd i n  Tables 3.3-3 
and 3.3-5. Mean plutonium, uranium, americium, and tritium concentrations at 211 sample 
locations were less than 27 percent (based on an incomplete data seij of applicable DCGs 
(Appendix B). 

The annud cumulative total amount of plutonium, uranium, and americium discharged io offsite 
waters during the year was caiculated using each individual discharge concentration and flow 
measurement. Following are the cumulative dscharge amounts for 1991. 

Fend A-4 Pond C-2 

Pu - Ci (E!q) 1.39 x 106 5.22 x 10-7 
(5.15 x 104) (1.93 x 1Dd) 

li-234 - Ci (Bq) 4.25 x 3.48 x 10.5 
(1.58 x 107) (129 x 106) 

U-238 - Ci (Bq) 4.23 x 10-4 4.10 x 1 0 5  
(1.57 x 107) (1.51 x 106) 

Am - Ci (Bq) 6.;: x 1C-6 3.18 x 10-7 
(2.27 x 1s) (i.16 x 104) 
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Table 3.3-4 
Plutonium, Uranium, and Americium Concentrations in Surface Water Effluents 

Number of Percent of 
Location Analvses mlm uflb,c C max iw", b Cmean'~~ D n  . .  

Plutonium-239, -240 Concentration (x 10.9 jiCi/ml)d 

Pond A 4  
Pond C-1 

Walnut Creek at Indiana Street 
Pond C-2 

Pond A-4 
Pond C-1 
Pond C-2 
Walnut Creek at Indiana Street 

Pond A 4  
Pond C-1 
Pond C-2 
Walnut Creek at Indiana Street 

Pond A 4  
Pond C-1 
Pond C-2 
Walnut Creek at Indiana Street 

a. 

b. 

d. 

5 e. 

1. 

C. 

55 -0.026 i 0.016 0.126 
54 -0.025 5 0.022 0.230 

7 -0.007 i 0.019 0.054 
57 -0.031 i 0.031 0.045 

Uranium-233, -234 Concentration 

55 0.09 f 0.09 1.95 
54 0.00 i 0.04 4.98 

7 0.69 F 0.09 0.95 
56 0.31 f 0.09 2.45 

Uranium-238 Concentration ( x  

f 0.057 0.002 
i 0.089 0.017 
5 0.037 0.013 
i 0.040 0.003 

( x  lO-9pCiiml)e 

k 0.45 0.74 
5 0.67 0.80 
5 0.22 0.85 
L 0.54 0.79 

10.9 pCiiml)@ 

i 0.006 
f 0.010 
k 0.010 * 0.003 

f 0.03 
It 0.17 
i 0.09 
k 0.04 

55 
54 
7 

56 

55 
52  

7 
55 

0.10 i 0.08 221 = 0.49 0.74 i 0.03 

0.84 i 0.20 1.W i. 0.25 1.00 i 0.10 
0.29 i 0.11 2.23 I 0.27 0.78 S 0.04 

-0.03 i 0.02 0.92 f 0.19 0.51 S 0.05 

Americium Concentration (x  log pCilrnI)' 

-0.038 i. 0.053 0.127 i 0.056 0.010 k 0.006 
4.018 F 0.019 0.111 i. 0.041 0.008 i 0.006 
-0.015 C 0.017 0.066 i 0.057 0.008 k 0.012 
-0.028 f 0.018 0.136 k 0.068 0.010 S 0.004 

0.01 
0.06 
0.04 
0.01 

0.15 
0.16 
0.17 
0.16 

0.12 
0.09 
0.17 
0.13 

0.03 
0.03 
0.27 
0.03 

C minimum = minimum measured concentration; C maximum = maximum measured concentration. For Pond Cl, C mean relen to 
calculated mean concentration. Because of intermittent flow meter operations at Pond C-1 during 1991, a volume weighted 
average was not possibie to calculate. For Ponds A-4, C-2. and flow a1 Walnut Creek a1 Indiana Street, C mean refers to volume 
weighted averages. 
Calculated as 1.96 standard deviations of the individual measurement. 
Calculated as 1.96 standard deviations of the mean (95% Confidence interval). 
Radiochemically determined as piutonium-239 and -240. The DOE Derived Concentration Guide (DCG) for plutonium in water 
available to members of the pubiic is 30 x 10-9 pCihl (Appendix E). 
Radiochemically determined as urmium-233, -234, and -238. The DOE DCG for u:anium-233, -234 in water available to members 
of the public is 500 x 10-9 p3lml. The lXG  for uranium-238 in water is 600 x 10-9 pCi/ml (Appendix 8). 
Radiochemically determined as americium-241. The standard calculated DCG for americium in water available to members of the 
public is 30 x 109 pCi/ml (Appendix 8). 

67 



Table 3.3-5 
Tritium Concen tra tion s in Surface Wafer Effluents 

Number of Percent of 
Lccation Analvses J - a n m w P c  C% C&d D L C m e a n )  

Trltlum Concentration (x 10-0 pCl/rnl)b 

Pond A 4  206 -251 f 184 385 f 224 48 f 16 0.00 
Pond C-1 52 -197 f 205 234 i 209 42 k 47 0.00 
Pond G 2  19 -136 f 177 353 i 206 81 k 45 0.00 
Walnut Creek at Indiana Street 200 -197 i 181 332 f 215 32 i 17 0 .oo 

a. C minimum = minimum measured concentration; C maximum = maximum measured concentration. For Pond C1, C mean refers 
to calculated mean concentration. Due to intermittent flow meter operations at Pond Cl dumg 1991, a volume weighted 
average was not possiMe to cahlate. For Ponds A-4, C-2, and flow at Walnut Creek ai ln5iana Street, C mean refers io 
volume weighted averages. 
The DOE DCG for tritium in water available to the members of the puMic is 2.000.000 x 10-9 pCi/ml (Appendix E). 
Calculated as 1.96 standard deviations of the individual measurement. 
Calculated as 1.96 standard deviations of the mean (95% Confidence Interval). 

b. 
c. 

-d. 

Tritium concentrations in water discharged from these ponds were within range of background 
concentrations; therefore, cumulative discharge amounts were not calculated. Average annual 
concentrations of plutonium, uranium, and americium from Ponds A-4 and C-2 for 1987 through 
1991 are given in Figures 3.3-2, 3.3-3, and 3.3-4. 

During 1991, RFP raw water supply was obtained from Ralston Reservoir and from the South 
Boulder Diversion Canal- Ralston Reservoir water usually contains more natural uranium 
radioactivity than the water flowing from the South Boulder Diversion Canal. During the year, 
uranium, plutonium, americium, and muum analyses were performed monthly on samples of RFP 
raw water. Concentxations are presented in Table 3.3-6. These values can be used for comparison 
with the values measured in the RFP downstream discharge locations (Tables 3.3-4 and 3.3-5). 
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Table 3.3-6 
Pluionlum, Uranium, Americium, and Tritium Concentrations in the Raw Wafer Supply 

Number of 

Analvte Analrses 

Plutonium Concentration 12 
(x 10-9 pCi/ml)a 

Uranium-233, -234 12 
Concentration (x 10-9 pCim1)C 

Uranium-238 Concentration 12 
(x 10-9 pCi/ml)C 

Americium Concentration 12 
(x 10-9 pCiim1)d 

Tritium Concentration 12 
(x 10-9 pCiml)* _ -  

-4 f 

-0.021 f 0.020 

0.16 f 0.07 

0.110 f 0.05 

-0.025 f 0.016 

-123 f 169 

Percent o f  
Cmaximurnl.1 C& 0 QsLwwd 

0.206 f 0.082 0.016 f 0.034 0.05 

1.08 f 0.38 0.44 * 0.16 0.09 

0.870 f 0.24 0.37 f 0.13 0.06 

0.117 f 0.074 0.019 * 0.021 0.06 

199 f 186 -19 f 53 0.00 

a 

b. 

c. 

d. 

e. 
1. 
g. 

C minimum = minimum measured concentration; C maximum = maximum measured concentration; C mean = mean calculated 
concentration. 
Radiemica(ly determined as plutonium-239 and -240. The DOE Derived Concentration Guide (DCG) for plutonium in water 
available to members of the public is 30 x 10-9 pCiml (Appendix B). 
Radiochemically determined as uranium-233, -234 and -238. The DOE DCG for uranium-233, -234 in water available to members 
of the public is 500 x 10-9 pCiml. The DCG for uranium-238 in water is 600 x ltY9 pCi/rnl (Appendix 8). 
Radiochemically determined as americium-241. The standard calculated DCG for americium in water available to members of the 
public is 30 x 10-9 p C i l  (Appendix B). 
The DOE DCG for tritium in water available to members of the public is 2.000.000 x IO9 pCirn1 (Appendix 8). 
Calculated as 1.96 standard deviations of the individual measurement. 
Calculated as 1.96 standard deviations of the mean (95% Confidence Intend). 

COMMUNITY WATER MONITORING 

Community water monitoring includes sampling and analysis of public water supplies and tap 
water from several surrounding communities. Only Great Western Reservoir, one of the water 
supplies for the city of Broomfield, and Standley Lake Reservoir, a water supply for the cines of 
Westminster, Thornton, and Northglenn, have the potential to receive run-off from RFP drainage 
systems. All discharges from RFP detention ponds in 1991 were divened to the Broomfield 
Diversion Ditch and did not enter either Great Western Reservoir or Stanley Lake Reservoir. The 
city of Federal Heights purchases a portion of its water supply from the city of Westminster. 
During 1991, weekly samples were collected and composited into a monthly sample, and analyses 
were performed for plutonium, uranium, and americium concentrations. Tritium and nitrate (as N) 
analyses were conducted on weekly a a b  samples. 

Annual background samples were also collected from Ralston, DilIon, and Boulder reservoirs, as 
well as from South Boulder Diversion Canal at distances ranging from 1 to 60 mi from RFP. 
Samples were collected to determine background levels for plutonium, uranium, americium, and 
mtium in water. 

Drinking water from Boulder, Broomfield, and Westminster was collected weekly, composited 
monthly, and analyzed for plutonium, uranium, and americium. Analyses for tritium were 
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performed weekly. Tap water samples were collected quanerly from the communities of Arvada, 
Denver, Golden, Lafayette, Louisville, and Thornton. These smiples were anal\*zed for pluroni- 
um, uranium, americium, and mi;ium. 

Results - (Values below a r e  based on incomplete data  seis, and will be corrected at 
a later date.) 

Analyses of regional reservoir and drinking water samples are given in  Tables 3.3-7 and 3.3-8 
Plutonium, uranium, americium, and tritium concentrations for regior,:il reservoirs represented 
0.26 percent or less of the DCG. Average plutonium concentration in Great U'estern Reservoir 
was 0.001 x 10-9 pCi/ml (3.7 x 10-5 Bq/l lO.00 percent DCG]), which was wirhin the range of 
concentrations predicted for Great Western Reservoir in  the Environmcizral Impacr Siarcmcnr, 
Rocky Flats Plant Sire (DOE80j based on known low-level plutonium concentrdtions in reservoir 
sediments. 

Results of plutonium, uranium, americium, and tritium analyses for drinking water in nine 
communities were 0.17 percent or less of the applicable DCG. Drinking water Standards have 
been adopted by the State of Colorado (CDH77, CDH81) and EP.4 (EPA76a) for alpha-emitting 
radionuclides (15 x 10-9 pCi/m1 l5.55 x 10-1 Bq/l]) and for mrium (20,090 x 10-9 pCi/ml C7.4 2; 

102 Bq/lJ). These standards cxclude uranium and radon. During 1991, the largest mean 
concentration of plutonium and americium (alpha-emitting radionuclides) for community rap water 
was 2.87 x 10-9 pCi/ml (1.06 x 10-1 Bq/l). This value was 0.26 percent of the State of Colorado 
and EPA drinking water standards for alpha activity. Average tritium concentration in Great 
Western Reservoir, Standley Lake, and in all community tap water samples was 104.0 x 10-9 
pCi/ml (3.85 Bqfl) or less. That value is typical of backgound tritium concentrations in Colorado 
and is less than 0.01 percent of the State of Colorado and EPA drinking water standards for mtium 
(CDH81, EPA76a). 

Table 3.3-7 
Plutonium and Uranium Concentrations in Public Water Supplies 

Percent 
Number of of DCG 

Location - A n ; m  C minirnumc C maximum& t C meana.d (C rneap) 

Reservoir 

Boulder 1 0.004 i 0.024 0.004 z 0.024 0.004 i 0.024 O.O? 
Dillon 1 0.010 5 0.029 0.010 i 0.029 0.010 i 0.029 0.03 
Grea! Western 12 -0.016 k 0.020 0.022 i 0.014 0.001 i 0.006 0.00 

Soulh Boulder Diversion Canal le 
Standley 12 -0.024 I 0.013 0.008 i 0.007 -0.003 t 0.009 -0.01 

Plutonium-239, -240 Concentration ( x  10-9 pCi/rnl)b 

Rals!on 1 -0.018 i 0.015 -0.016 -t 0.015 -0.01~ i 0.015 -0.05 

Drinking Water 
Arvada 
Boulder 
Broomiield 
Denver 
Golden 
Lata yette 
Louisville 
Thornton 
Westmimter 

4 
12 
12 
4 
4 
4 
4 
4 

12 

-0.022 i 0.030 
-0.025 i 0.012 
-0.016 i 0.010 
-0.015 f 0.016 
-0.009 i 0.020 
-0.023 i 0.027 
-0.030 i 0.009 
-0.025 t 0.018 
-0.028 i 0.013 

0.014 2 0.029 -0.007 I 0.016 -0.02 
0.003 5 0.001 -0.003 i 0.002 -001 
0 035 i 0.012 0.004 t 0.009 0.01 
0014 I 0.036 -0.002 i: 0.014 -0.01 
0.033 z 0.042 0.011 i 0.017 - 0.04 
0.024 i 0.022 0 OGS i 0.020 0.02 
0.021 I 0.051 -0.007 i 0.021 -0.02 
0.022 z 0.059 -0.002 L 0.019 -0.01 
0.045 z 0.034 0 003 ? 0.013 0 01 
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Table 3.3-7 (Continued) 

Number of 
Location Analvseg C rninimurMc C maximum4 c C mean4 d 

Reservolr Uranium-233, -234 Concentratlon (x 10-0 pCl/ml)f 

Boulder 1 0.48 k 0.15 0.48 f 0.15 0.48 f 0.15 
Dilbn 1 0.32 f 0.12 0.32 f 0.12 0.32 f 0.12 
Great Western 12 0.36 f 0.14 0.78 f 0.17 0.52 f 0.14 
Ralston 1 125 f 0.17 125 f 0.17 125 rt 0.17 
South Boulder Diversion Canal 10 
Standley 12 0.45 i 0.12 0.91 f 0.20 0.68 f 0.135 

Drinking Water 
Arvada 
Boulder 
Broom field 
Denver 
Golden 
Lafayelte 
Louisville 
Thornton 
Westminster 

4 0.10 f 0.05 0.51 f 0.18 0.26 f 0.18 

12 0.14 f 0.08 0.58 f 0.16 0.33 f 0.15 
4 0.17 f 0.07 0.77 k 0.19 0.46 f 0.28 
4 0.25 k 0.08 0.94 f 0.25 0.57 f - 0.32 
4 0.03 f 0.04 0.54 f 0.19 0.18 f 0.24 

4 0.49 f 0.13 2.87 f 0.58 131 f 1.04 
12 0.12 f 0.06 0.47 f 0.29 0.29 f 0.07 

11 -0.02 f 0.03 0.40 f 0.12 0.08 f 0.08 

4 -0.03 f 0.03 0.16 f 0.07 0.05 f 0.08 

Reservoir Uranium-238 Concentration (x 10.9 pCUm1)o 

Boulder 1 028 f 0.11 028 f 0.11 028 f 0.11 
Dilbn 1 0.33 f 0.10 0.33 f 0.10 0.33 f 0.10 
Great Western 11 0.30 f 0.09 0.73 f 0.20 0.47 f 0.07 
Ralston 1 0.87 f 0.12 0.87 f 0.12 0.87 f 0.12 
South Boulder Diversion Canal 10 
Standley 12 0.33 f 0.12 0.74 f 0.17 0.57 f 0.12 

Drinking Water 
Arvada 4 0.07 k 0.04 024 f 0.07 0.16 f 0.09 

Broom field 12 0.07 f 0.06 0.48 f 0.10 0.28 f 0.13 
Denver 4 0.04 k 0.04 0.37 f 0.12 0.23 f: 0.14 
Golden 4 0.17 k 0.07 1.04 -C 026 0.55 f 0.37 
Lalayette 4 0.00 k 0.02 0.13 f. 0.09 0.06 k 0.05 

Thornton 4 0.43 f 0.12 216 f 0.45 1.03 f 0.76 
Westminster 12 0.13 f 0.07 0.42 f 0.13 026 f 0.05 

Boulder 11 -0.02 f 0.02 0.33 f 0.10 0.06 f 0.06 

Louisville 4 -0.03 f 0.02 0.09 f 0.05 0.02 f 0.05 

Percent 
of DCG 
(-mean) 

0.10 
0.06 
0.10 
0.25 

0.13 

0.05 
0.02 
0.06 
0.09 
0.1 1 
0.04 
0.01 
0.26 
0.06 

0.06 
, 0.06 

0.08 
0.17 

0.1 0 

0.03 
0.01 
0.06 
0.04 
0.09 
0.01 
0.00 
0.17 
0.04 

a. 

b. 

C. 
d. 
e. 

1. 

9- 

C minimum = minimum measured concentration; C maximum = maximum measured concentralion; C mean I mean 
calculated concentration. 
Radiochemically determined as plutonium-239 and -240. The DOE DCG for plutonium in waler available to 
members 01 the public is 30 x l o 9  pCiml (Appendix B). 
Calculated as 1.96 standard deviations 01 the indiiidual measurements. 
Calculated as 1.96 standard deviations of the mean (95% Confdence Interval). 
Location was not flowing at time annual sampling was scheduled, and location was not revisited. No data to report lor 
1991. 
Radibchemically determined as uranium-233, and -234. The DOE DCG lor uranium in water available to members 
of the public is 500 x 10-9 pCi/n?! (Appendix B). 
Radiochemically determined as uranium-238, The DOE DCG lor uranium in water available to members of the 
public is 600 x 10-9 pCiml (Appendix E). 
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Table 3.3-8 
Americium and Tritium Concentrations in Public Water Suppl ies  

Location 
Number of 
Analyses C rninimumc C maximum4 c C mean*.d 

Reservoir Americium Concentration (x  10-9 pCi/ml)b 

Boulder 1 -0.013 i 0.022 -0.013 -i 0.022 -0.013 ? 0.022 

Great Western 12 -0.020 i 0.006 0.040 i 0.027 0.005 i 0.007 
Dilbn 1 0.019 i 0.032 0.014 f 0.032 0.019 i 0.032 

Ralston 1 0.015 f 0.037 0.015 2 0.037 0.015 i 0.037 
South Boulder Diversion Canal le 
Standley 12 -0.008 i 0.023 0.015 I 0.011 4.001 i 0.003 

Drinking Water 
Arvada 
Boulder 
Broom field 
Denver 
Golden 
Lafayett e 
Louisville 
Thornton 
Westminster 

4 -0.023 i 0.015 
12 -0.017 f 0.021 
12 -0.007 i 0.007 
4 -0.006 k 0.025 
4 -0.018 i 0.019 
4 0.001 f 0.008 

4 -0.017 i 0.022 
4 -0.022 i 0.017 

12 -0.007 i- 0.005 

4.014 f 0.042 0.018 f 0.005 
0.014 f 0.014 0.001 i 0.004 
0.018 i 0.016 0.002 i 0.004 
0.050 i 0.047 0.028 i 0.026 

0.031 ? 0.049 0.022 i 0.014 
-0.001 i 0.007 4.011 i 0.010 
0.072 f 0.076 0.015 k 0.038 
0.025 5 0.018 0.004 2 0.005 

0.005 ,t 0.032 -0.003 C 0.010 

Reservoir Tritium Concentration (x 10.9 FCilrnl)' 

Percent 
of DCG 

I C  mean) 

-0.04 
0.06 
0.02 
0.04 

0.00 

0.06 
0.00 
0.01 
0.09 

4.01 
0.07 

-0.04 
0.05 
0.01 

Boulder 1 - 10 t 189 10 t 189 10 i 189 0.00 
Dilbn 1 147 -t 182 147 I 182 147 f 182 0.01 
Great Western 53  -174 f 192 267 f 192 7 F 25 0.00 
Ralston 1 126 rt 181 126 5 1w 1% i 181 0.01 
South Boulder Diversion Canal 1 -67 & 181 -67 i 1W -67 k 181 0.00 
Standley 53  -196 t 217 394 t 220 22 -C 27 0.00 

Drinking Water 
Arvada 
Boulder 
Broom field 
Denver 
Golden 
Lafayetfe 
Louisville 
Thornton 
Westminster 

4 -191 2 201 42 t 190 -47 f 98 0.00 
53 -214 -t 191 200 rt 192 3 i 26 0.00 
53 -194 t 173 232 t 216 -17 k 26 0.00 

4 9 t 177 184 t 198 104 i 86 0.01 
4 -71 r 206 170 t 205 34 i ga 0.00 
4 -194 F 198 85 k 201 -39 -C 117 0.00 
4 -146 t 168 143 rt 203 -5  i 145 0.00 
4 57 t 179 136 r 141 88 F 33 0.00 

53  -202 t 202 233 t 199 17 i 28 0.00 

a. 

b. 

c. 
d. 
e. 

1. 

C minimum = minimum measured concentration; C maximum = maximum measured concentration; C mean = mean 
calculated concentration. 
Radiochemically determined as ameriaum-241. The BOE DCG for americium in waler available to members 01 
the public is 30 x 10-9 pChl (Appendix 8). 
Caimlated as 1.96 standard deviations of the individual measurements. 
Calculated as 1.96 standard deviations of the mean (95% Confidence Interval). 
Location was not flowing at time annual sampling was scheduled, and location was not revisited. No data to report for 
1991. 
The DOE DCG for tritium in water available to members of the public is 2.000.000 x 10-9 pCi/ml (Appendix B). 
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3.4 GROUND WATER MONITORlNG 

The RFP Groundwater Monitoring Program was initiated in 1960 to provide data on radionuclide 
and chemical contaminants present in  groundwater. Changes to improve groundwater monitoring 
and protection have occurred in recent years as environmental regulations have evolved and 
expanded. These changes have resulted in the installation of additional monitoring wells, 
improved sample handling and data quality assurance, and enhanced analytical progams. This 
section defines the groundwater program. 

Geologic $effing 

Underlying RFP is a series of stratigraphic units at increasing depths from surface deposits (recent 
valley fill and loose rock debris) through the Rocky Flats Alluvium, Arapahoe Formation, Laramie 
Formation, Fox Hills Sandstone to the Pierre Shale (Figure 3.4-1). The Rocky Flats Alluvium, 
colluvium, and Arapahoe Formation comprise the uppermost hydrologic unit where potential 
groundwater contamination might occur at RFP. A description of the geology of RFP is given in 
the document titled Geologic Characterization of the Rocky Flats Plant (EG9 1 h). 

The Rocky Flats Alluvium is composed of cobbles, coarse gravel, sand, and gravely clay, varying 
in thickness across RFP from 103 ft on the west side, to less than 10 f t  in the central area, and 45 
ft on the east side. The Arapahoe Formation is approximately 120 ft thick in the central pomon of 
RFP. Is consists mainly of fluvial claystone overbank deposits and lesser amounts of sandstone 
channel deposits. The sandstones range from very fine grained to conglomeiate. 

Hydrogeology 

The Rocky Flats Alluvium and the weathered subcropping Arapahoe sandstones are in hydraulic 
connection and together represent the "uppermost aquifer," which is an unconfined flow system 
(Figure 3.4-1). 

Figure 3.4-1. Generalized Cross Section of the Stratigraphy 
Underlying the RFP 
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The bedrock sandstones of the Arapahoe Formation are isolated within intervals of claystone. 
Groundwater contained i n  those bedrock sandstones is confined and represents a lower flow 
system. Table 3.4-1 gives the relative hydraulic conductivities associated with the lithologic units 
present at RFP. 

In the spring and early summer the Rocky Flats Alluvium and Ampahoe Formation, located in the 
central and eastern pomon of RFP, are recharged by precipiution and groundwater lateral flow. In 
the late summer and early fall these formations are recharged mostly by groundwater lateral flow. 
In the sneam drainages, groundwater discharges at seeps that are common at the base of the Rocky 
Flats Alluvium and where individual sandstones become exposed to the surface. 

Table 3.4-1 
Hydraulic Conductivities o f  Lithologic units 

Lltholoaic Udt &dra u I ic Conductivity 

Rocky Flats Alluvium 1 x 104 cwsx (10.4 ftlyr) 
Subcropping Arapahoe sandstones 
Unweathered sandstones 
Weathered and unweathered clayslone 

1 x 10-5 cm/sec (10.4 ft!yr) 
1 x 104 crn/sec (1.04 ft/yr) 
1 x 10-7 to 104 cm/sec, 

(0.104 to 0.0104 Wyr) 

The present understanding of the hydrogeologic relationships indicates that there are no known 
bedrock pathways through which Foundwater contamination may directly leave RFP and migrate 
into a confined aquifer system offsite (EG91 h). 

Monitoring Procedures 

Monitoring wells and piezometers in place at RFP by the end of 1991 are shown in Figure 3.4-2. 
Table 3.4-2 shows groundwater wells installed by area at RFP. 
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LEGEND 

Figure 3.4-2. Location of Monitoring Wells 
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Wells Installed 
tocatlon L L m  

Solar Ponds 
Present Landfill 
West Spray FmM 
Process Waste Lines 
903 Pad 
Mound 22 
East Trenches 25 
881 Hillside 30 
Piezometers . 

Background 3 
East Buffer 7 
Landfill S i n g  

Totals 87 

Table 3.4-2 
Gro unit water Mo n itorlng Wells 

Wells Installed Wells Installed Wells Installed Total Number of 
m w before 1989 Well Installations 

4 

14 

32 
13 
8 
3 

8 
3 

39 
50 

4 

33 
25 
18 
9 

15 
14 
27 
37 

1 
14 

65 
38 
26 
12 
15 
36 
60 
70 
43  
50 
25 
14 

18 160 193 458 

Groundwater samples are collected quarrerly from alluvial and bedrock wells and analyzed for 
parameters shown in Table 3.4-3. These wells are spatially dismbuted throughout RFP to provide 
the necessary coverage to satisfy RCFWCERCLA and CDH guidelines for monitoring groundwa- 
ter at hazardous waste sites. Some wells are used to help characrerize hydrogeologic conditions at 
RFP. Others are used to monitor back,mund groundwater quality. Samples are not collected 
from the remaining wells at RFP either because they contain no water or because construction 
details of the well are unknown or of questionable quality. 

Quarterly water-level measurements are raken to adequarely assess groundwater flow directions. 
These data a n  used to evaluate trends in groundwater quality and contaminant migration in the 
uppennos& unconfined aquifer. 
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Table 3.4-3 
Site Chemical Constituents Monitored in Groundwater 

Cesium (Cs) 
Lahiurn (Li)b 
MolyWenum (Mo) 
Strontium (Sr) 
Tin (Sn)a 

Tarae! Analvte L& 
Aluminum (AI) 
Antimony (Sb) 
Arsenic (As) 
Barium (Ba) 
Beryllium (Be) 
Cadmium (Cd) 
Calcium (Ca) 
Chromium (Cr) 
Cobalt (Co) 
Copper (W 
Iron (Fe) 
Lead (Pb) 
Magnesium (Mg) 
Manganese (Mn) 
Mercury (Hg) 
Nickel (Ni) 
Potassium (K) 
Selenium (Se) 
Silver (Ag) 
Sodium (Na) 
Thallium (TI) 
Vanadium (V) 
Zinc (Zn) 

Tarae! ComDound L 1st - Volatiiez 
Chloromethane (CH3 CL) 
Bromomethane (CH3Br) 
Vinyl Chloride (CzYCL )  
Chlorwthane ( G Y C L )  
Methylene Chloride (CH, CL2) 
Acetone 
Carbon Disulfide 
1 ,l-Dichlorwlhane (1,l-DCA) 
1 .l ,-Dichloroethene (1 ,l-DCE) 
trans-1 2-Dichloroethene 
1,2-Dichloroethene (total) (total 1,2-DCE) 
Chlorolorm (CHC13) 
1,2-Dichloroethane (1,2-DCA) 
2-Butanone (MEK) 
l,l,l-Tricnlorwthane (1,l.l-TCA) 
Carbon Tetrachloride (CC1.J 
Vinyl Acetate 
Bromodichloromelhane 
1,1,2,2-Tetrachloroethane 
1,2-DichIoropropane (1 .2-DCP) 
trans-l,3DichIoropropene 
Trichloroethylene (TCE) 
Dibromochloromethane 
1,; ,2-Trichloroethane 
Benzene 
cis-1 ,bDichloropropene 
Bromoform (CBr,) 
2-Hexanone 
4-Methyl-2-pent anone 
Tetrachloroethene (PCE) 
Toluene (C+iB) 
Chlorobenzene (C6H~CL)  
Eihyl Benzene 
Slyrene 
Total Xylenes 

Gross Alpha 
Gross Beta 
Uranium-233, -234, -235, and -238 

Americium-241 (Am-241) 
Plutonium-239. -240 (Pv-239, -240) 
Strontium-89, -90 (Sr-89, -90)' 
Cesium-137 ('3-137) 
Tritium (H-3) 
Radium-226, -228 (Ra-226, -228)s 

(U-233. -234, -235; and -238) 

indicators 

Total Dissolved Solids (TDS) 
PH a 

Field Parameters 

PH 
Specific Conductance 
Temperature 
Dissolved Oxygen 
Alkalinity 

Carbonate (CO3) 
Bicarbonate (HC03 1 
Chloride (Cl) 
Suliate (SO,) 
NitratelNitrite (N02M03 as N) 
Cyanide (CN)C 
Fluoride (F) 
Orthophosphates (POI) 

a. 
0. 
c. 
d. 
e. 

1. 
g. 

NOTES: ' 

Not analyzed prior to l9e9. 
Prior to 19E9, lithium ~ e s  only andyzd during lou.?h quae! 1987 and first quarter 1988. 
Cyanide was not analyzed during fourth quarter 1987. 
Not analyzed in background samples m 1989. 
Dissolved radionuclides replaces total radionuclides (except tritium) beginning with the third quarter 1987; 
however, total Pu and A m  were collected starting in Third Quarter 1990. 
Stronlium-89, -90 was not analyzed during first quarter 1966. 
Not analyzed prior to 1989, and only analyzed if gross alpha exceeds 5 pCih 

Total suspended solids and phosphate were analyzed in 1986 only; orthophosphates were analyzed in 
1990and 1991. 
Chromium (VI) was analyzed during fourth quarter 1987 oniy 



RESULTS 

The final IAG (Section 2, "Compljance Summary") divides R W  into 16 operable units for study 
and restoration. The foIlowing section discusses results of Foundwater investigations on OUs 1, 
2, 4, 7, and 11. OUs 4, 7, and 11 were identified collectively as OU 3 under the former draft 
IAG. Results of samples taken from background wells used to characterize the spatial and 
temporal variability of naturally occurring constituents are given in the document titled Backgrow~d 
Geochemical Characterizarion Repon for I989 (EG9Of). 

Groundwater investigations and restoration activities at RFP follow a five-phase plan to identify 
contamination, design and implement treatment procedures, and monitor adequacy of restoration 
actions. This process includes establishment of groundwater quality standards that are specific to 
each OU and reflect state and federal requirements. No specific standzrds have been established 
for OUs at RFP, although possible limits have been identified pursuant to the CERCLA require- 
ments that remedial actions comply with AFAR federd laws or more smngent, promulgated state 
laws. Site-specific groundwater standards and classifications were established by the CWQCC in 

-early 1991 and became effective April 30,1991. The standards apply to all unconfined goundwa- 
ter in the alluvial materials, the Arapahoe aquifer, and the Laramie-Fox Hills aquifer. 

The alluvial aquifers are classified Domestic and Agricultural Use - Quality and Surface Water 
Protection. The Arapahoe and Laramie-Fox Hills aquifers are classified Domestic and Agricultural 
Use - Quality. 

Operable Unit 1 (OU 1) 

SSl Hillside. The report titled Phase 111 RFIIRI Work Plan, Rocky Flats Plant, 88I Hillside 
Area (Operable Unit No. I) (EG9li) contains information on groundwater quality at OU 1, The 
Phase III RFURI field work was completed in 1991. Boreholes and thirty additional monitoring 
wells were installed in 1991 to characterize the upper hydrosuati,pphic unit. 

Shallow groundwater under the 881 Hillside is contaminated with volatile organic compounds 
(VOCs), inorganics (including some metals), and elevated levels of uranium. The contaminants of 
most concern are VOCs in the unconfined groundwater system within the boundaries of Individual 
Hazardous Substance Sites (MSSs) 119.1 and 119.2 (Figure 3.4-3) in the eastern ponion of this 
operable unit. These areas were used for barrel waste storage from 1967 to 1972. Figure 3.4-4 
shows approximate outlines of the groundwater contaminant plumes on the plantsite and depicts 
the extent of contaminant movement under the 881 Hillsidc. Organic contaminants detected in the 
highest concenmtions in 1991 were 1,1,1-trichloroethane, 1,l-dichloroethene, and mchioroeth- 
ene. 

Concenuarions of VOCs diminish down-mdient of MSSs 119.1 and 119.2, becoming equal to or 
below detection limits (5 pa) within 200 ft of the original storage areas. 

Elevated concentrations of inorganic constituents also were found in the eastern portion of OU 1, 
where analytes detected above background levels included total dissolved solids (TDS), metals 
(nickel, snoatium, selenium, zinc, and copper), and uranium. 

- 
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Operable Unit 2 (OU 2) 

903 Pad, Mound, and East Trenches Areas. The repon titled Phasc J J  RFJ/RJ Work Plan, 
RocXy Flats Planx, 903 Pad, Mound, and Easx Trenches Arcas, Operable Unit No. 2 (EG9lj) 
contains information on groundwater quality a1 OU 2. Phase I1 RFI/RI work was initiated in 
1991. Groundwater in the upper hydrostraugraphic unit, whicli is composed of alluvial materials 
and shallow subcropping sandstones, is contaminated with VOCs, inorganics, dissolved metals, 
and some radionuclides. 

Inorganics and dissolved metals commonly cxcumng above background levels include TDS, 
snontium, barium, copper, and nickeI, and to a lesser extent, chromium, manganese, selenium, 
lead, zinc, and molybdenum. The majority of the radionuclide contamination is uranium-238. 
Americium and plutonium also are present in some groundwarer samples. 

Contaminants of most concern are VOCs; those detected in 1991 include tetrachloroethene and 
trichloroethene. Figure 3.4-4 depicts groundwater contaminant plumes on the plantsite and 
indicates the approximate extent of contamination at OU 2. Certain inorganic parameters and 
radionuclides were elevated above background levels in OU 2, but they did not appear to exist as a 
well-defined plume of contamination. Invesrigations are underway to further characterize these 
plumes and the magnitude and extent of contamination. 
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Figure 3.4-3. individual Hazardous S u b s t a n c e  Sites (IHSSs) 
Numbers 119.1 and 119.2 



LEGEND 
0 Plumes 

Figure 3.4-4. Location of Known Groundwater Contamination Plumes 
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Operable Units 4, 7, and I 1  (OUs 4, 7, and 7 I) 

Solar Ponds, Present Landfill, \Yest Spray Field. OUs 4 , 7 ,  and 11 are RCRA-regulated 
units. The purpose of groundwater monitoring in these units is IO assess impacts of waste 
management activities on Foundwater quality in the uppermost aquifer beneath these units. The 
repon titled 1991 Atinual RCRA Groundwater Monitoring Report for Regularcd Units at RocAy 
Fhrs Pfant (EG92), presents results of 1991 interim-status quarterly groundwater monitoring. 
C;u are presented for groundwater elevations, flow rates, and quality analyses. A comparison is 
made between analyte concentrations upgradient of the unit and those downgradient of the unit to 
evaluate the impact of waste management activities on groundwater quality. The following 
sections highlight results of groundwater monitoring in OU 4,7, and 1 1  in 1991. 

Solar Ponds (OU 4). Groundwater assessment monitoring continues to be performed at the 
Solar Evaporation Ponds area to further assess the Ievels, extent, and migration characteristics of 
contaminarion in the uppermost aquifer beneath this unit. A total of 62 monitoring wells presently 
exist in the Solar Evaporation Ponds area (29 of these monitoring wells are alluvial [shallow] wells 
and 33 are bedrock [deep] wells). Water elevation data collected throughout 1991 reveals that 
moundwater flow across the Solar Evaporation Ponds area is generally in an easterly direction; 
Lowever, it diverges along two major subsurface flowpaths: one flowpath is northeasterly toward 
North Walnut Creek and the other is southeasterly toward South Walnut Creek.-Groundwater 
flow velocities calculated for surficial materials 1.2 feet per year (fdyr) for the northeasterly 
flowpath and 0.72 fdyr for the southeasterly flowpath. Groundwater elevations are presented in 
Figure 3.4-5 for surficial materials during the frst quarter of 1991. 

A statistical comparison of downgradient water quality compared with upgradient groundwater 
quality indicates that groundwater in downgradient wells screened in the uppennost aquifer north, 
east, and southwest of the ponds is impacted with nitratelnimte, total dissolved solids, total 
suspended solids, sulfate, dissolved radionuclides, and several dissolved metals. Dissolved 
radionuclides desectea in surfcial wells down,oradient and in the immediate vicinity of the Solar 
Ponds during 1991 included uranium-233, -234 (as high as 1.052 x 10-7 pCi/rnl>, uranium-235, 
uranium-238 (7.470 x 10-8 pCi/ml), and mtium. Total radionuclides detected in th permost 

(3.790 x 10-10 pCi/ml). Concentrations and distribution of uranium-233, -234 (reported in p C 3 )  
in the Solar Evaporation Ponds area are presented in Figure 3.4-6. Volatile organic compounds 
detecred in surfcial wells in the vicinity of the Solar Ponds are shown in Figure 3.4-7 and include 
uichioroethene, tetrachloroethene, carbon tetrachloride, chloroform, and several others. 

aquifer include americium-241 (1.360 x 10-10 pCVm1) and in one well, plutonium- Y 39, -240 
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Figure 3.4-5. Solar Evaporation Ponds Potentiometric 
Surface in Surficial Materials 
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Figure 3.4-7. Solar Evaporation Ponds Volatile Organic Compounds 
Detected in the Uppermost Aquifer 
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The Present Landfill (OU 7). The Present Lana111 is undergoing groundwater monitoring to 
assess the level, extent, and migration characteristics of contamination i n  the uppermost aquifer 
beneath the unit. Groundwater elevation data collected in 1991 indicates that groundwater beneath 
the landfill tends to flow easterly through suficial geologic materials toward the landfill pond as 
shown for first quarter 1991 in FigurP: 3.4-8. Close to the pond, groundwater flows southeasterly 
and nonheasterly toward the p o n d  Row velocities have been calculated at 128 ft/yr for groundwa- 
ter in surficid materials. Groundwater flow characteristics in the weathered bedrock are similar to 
those observed in the overlying surficial materials. 

I 

Figure 3.4-8. Present Landfill' Potentiometric Surface 
in Surficial Materials 
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Influencing the natural flow of groundwater and surface water in the area are several engineering 
control systems installed to intentionally rcd~rect flow around the landfill. Engineering connol sys- 
tems include pond embankments, a ieachate/groundwater intercept system, a surface water 
interceptor ditch, and a buried slurry wall. Assessment of the 1991 data suggests thar groundwater 
outside of the landfill is diverted around the landfill wastes and is  discharged into the landfill pond. 
Landfill contaminants migrate with the groundwater flow through the leachate collection system 
toward the landfill pond. Water is retained within the pond where il either evaporates directly or is 
evaporated via spray imgation onto the hillsides adjacent to the pond. The effectiveness of the 
leachate/groundwater intercept system is srill being evaluated. Data from 1991 suggest, however, 
that the groundwater intercept system may not be diverting all groundwater away from the north 
and south sides of the Ian~iI1, and the leachate collection system may function intennitfendy on the 
north side of the landfill. 

Thirry-one shallow and four deep groundwater wells are monitored quarterly at the Present 
Landfill. Groundwater quality data in downgradient wells statistically compared with those 
upgradient of the landfill in 7991 shows that the landf2l contributes several dissolved metals, 
dissolved radionuclides, and several inorganic analytes to the uppermost aquifer downgradient of 
the landfill. Specifically, the landfill is observed to impact groundwater quality through increased 
concentrations of bicarbonate, calcium, chloride, fluoride, magnesium, sodium, and total dissolved 
solids. Additionally, the landfill appears to contribute dissolved metals, primarily antimony, 
chromium, lithium, potassium, and strontium. Gross alpha and gross beta activities were also 
statistically higher in downgradient wells than in upgradient wells. N o  VOCs were detected in the 
uppermost aquifer downgradient of the landfill in 1991. 

Within the confines of the Present Landfill, the nature of groundwater contamination is character- 
ized by detections of VOCs, radionuclides, and concentrations of metals and inorganic analytes 
higher than in upgradient wells. Dissolved radionuclides detected in 199 1 in and adjacent to the 
landfill include tritium (up to 1.833 x 10-6 pcilml), srrontium-89, -90 (1.117 x 10-8 pCi/ml), 
uranium-233, -234 (up to 3.22 x 10-8 pCi/ml), uranium-235 (up to 8.0 x 10-10 pCi/ml), uranium- 
238 (up to 2.05 x 10-8 pCi/ml), and radium-226 (up to 7.7 x 10-10 pCi/ml). Total radionuclides 
detected include americium-241 (up to 8.0 x 10-11 pCVml), cesium-137 (1.06 x 10-9 pCi/ml), and 
plutonium-239, -240 (up to 1.8 x 10-10 pCi/ml). Radionuclides were detected in a wide area 
across the landfill site. Figure 3.4-9 shows the distribution and concentration of radionuclides at 
the landfill with concentrations given in pC$. Detections of VOCs in 199 1 occurred primarily in 
wells in the southern portion of the Iandfill. A number of different compounds were detected 
including carbon tetrachloride, mchloroethene, and tetrachloroethene. The distribution and concen- 
nations (reponed in m@) of detected VOCs are presented in Figure 3.4-10. 
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Figure 3.4-9. P r e s e n t  Landfill R a d i o n u c l i d e s  in the U p p e r m o s t  Aquifer 
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West Spray Field (OU I I) 

Groundwater monitoring at the West Spray Field is being conducted to provide data for assessment 
of the level, extent, and migration characteristics of contamination in the uppermost aquifer benath 
this unit. Groundwater flow in the uppermost aquifer is relatively uniform and occurs in an east- 
northeasterly direction. Groundwater flow rates were calculated at 28 ft/yr in 1991. Fourteen 
alluvial wells and three bedrock wells are routinely sampled at the West Spray Field. A potentio- 
memc surface map showing groundwater elevations in the uppermost aquifer is presented for first 
quarter 1991 in Figure 3.4-1 1. 

? 

Figure 3.4-1 1. West Spray Field Potentiometric Surface 
in Surficial Materials 
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Groundwater quality in the uppermosr aquifer i n  downgradient wells w3s statistically compared 
with that in  upgradient wells. This comparison revealed that concentrations of several analytes 
were higher in downgradient wells than in wells upgadient of the West Spray Field. Those 
analytes included iron, manganese, zinc, 4-methyl-2-pentanone (MlBK), carbon disulfide, 
mchloroethene (TCE), magnesium, and strontium. Carbon disulfide is produced by the decompo- 
sition of organic matter in an anaerobic environment and its presence in the West Spray Field does 
not represent contamination from waste management activities. 

Within and adjacent to the West Spray Field, groundwater quality has been impacted by VOCs, 
dissolved radionuclides, a few dissolved metals, and inorganic analytes. Volatile organic 
compounds detected include TCE, MIBK, and toluene at levels just above the detection limit. 
Dissolved radionuclides detected include uranium-233, -234 (up to 1.62 x 10-9 pCi/ml), and 
uranium-238 (up to 1.15 x 10-9 pCVm1). Total radionuclides in the uppermost aquifer within the 
West Spray Field included americium-241 (up to 9.6 x 10-11 pCi/ml), and plutonium-239 (3.47 x 
10-10 pCi/ml). Dismbution and concentrations of VOCs and radionuclides (reported in pCi/I) 
detected in 1991 in the uppermost aquifer are shown in Figures 3.4-12. and 3.4-13, respcctively. 
Inorganic analytes detected at elevated levels within the West Spray Field include ff uoride, 
chloride, bicarbonate, sodium, sulfate, niuatehimte, orthophosphate, and total suspended solids. 
Assessments made in 1991 conclude that waste management activities did contribure to the 
presence of these inorganic compounds at the West Spray Field. 
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3.5 SOIL MONITORING 

The purpose of the RFP Soil Monitoring Program is to evaluate changes in plutonium 
concenuatjons that might occur through soil resuspension or other mechanisms. This section 
includes data on soil plutonium concentrations for 1984 through 199 1. 

OVERVIEW 

The soil monitoring program has been conducted since 1972 excepting the period between 1978 
and 1983. Soils were sampled at RFP in September 1991 at 40 sites located within concenmc 
circles, approximately 1.6 and 3.2 km (1 and 2 mi) radii from the center of RFP (Figure 3.5-1). 
Along each circle, sampling locations we= spaced at 18" increments and designated accordingly 
(e.g., location 1-018 refers to the inner circle [#1] at 18' northeast). The soil samples were 
collected by driving a 10- by lo-centimeter (cm) (4- by 4-inch [in.]) cutting tool 5 cm (2 in.) deep 
into undisturbed soil. The soil sample within the tool cavity was collected and placed into a new 1 -- 
gallon stainless steel can. Ten sub-samples were collected from the comers and the center of two 1- 
meter squares, which were spaced 1 meter apart. Each set of 10 subsamples was composited 
(5,000 cubic centimeters [cm33) for soil radionuclides analysis. Laboratory analysis was 
performed to determine plutonium concentration, expressed as pCi/g. 

RESULTS 

Soil plutonium concentrations for 1984 through 1991 are presented in Table 3.5-1. Figure 3.5-1 
depicts the location of the soil sample sites, as well as the mean and standard deviation of soil 
plutonium concentrations from 1984 through 1991. Samples taken in 1991 from the inner 
concentric circle ranged from 0.04 pCVg to 9.76 pCi/g. In previous years the highest soil 
plutonium concentration was found at sites 1-090 and 1-108 (Figure 3.5-2). Since the 1990 soil 
sampling, sample location 1-090 was relocated approximately 200 m to the north of its orginal 
location. The older site is located in an area currently under intensive study as part of the IAG. 

Samples from the outer concenmc circle ranged from 0.01 pCi/g to 3.61 pCi/g. The highest 
plutonium concentrations were found in soil samples from the eastern pomon of the buffer zone 
(Figures 3.5-1 and 3.5-2). These sample locations are east and southeast of the major source of 
plutonium contamination in the soil environment at RFP. Plutonium contamination probably 
originated from an area known as the 903 Pad where steel drums were used to store plutonium- 
contaminated industrial oils from 1958 to 1968. Leakage from these drums contaminated 
surface soils and plants. Plutonium particles enmpped in the fine fraction of top soil horizons 
were subsequently airlifted by winds and deposited on soils in an east and southeast-trending 
plume (KR70). Table 3.5-1 indicates that data from previous years have consistently shown 
elevated plutonium concentrations in soils from these sites. 
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Figure 3.5-1. Soil Sampling Locations 



The plutonium concentration in soils east and southeast of the 903 Pad varied somewhat between 
years (Table 3.5-1). Each monitoring sire was adequately sized (30 by 30 m) to allow yearly 
selection of non-overlapping sample areas. Since the sampling location vaned between years, 
small microtopographical variation was inmduced, which affected wind deposition and resusp- 
ension rates of plutonium. In  addition, natural variabiliry in erosional and faunal activities, as well 
as sampling and analytical error, contribute to the observed variability. Other investigators (PI80) 
have observed high variability in soil plutonium concentrations in other contaminated sites, 
especially near the release source. Investigators ascribed these variations in plutonium-239, 
240 to varying distances from the point of release (75 percent), microtopographical variations (20 
percent), and sampling error, which included subsampling and analytical error (5 percent). 
Variability in plutonium concentrations in soils taken from the two radial grids at 18" to 36' and 
162" to 360" was extremely small. 
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Table 3.5-1 
Plutonium Concentration In Sol1 Samples at 7 and 2 MIIes from the Plant Center 

Inner Circle: 

1964 
Pu 

boca tion b ,c. d 

1-018 
1-036 
1-054 
1-072 
1 -m 
1-108 
1-126 
1-144 
1-162 
1-180 
1-198 
1-216 
1-234 
1-252 
1-270 
1-288 
1-306 
1-324 
1-342 
1-360 

Outer Circle: 

2-01 8 
2-036 
2-154 
2-072 
2-090 
2-108 
2-126 
2-144 
2-162 
2-1 80 
2-198 
2-216 
2-234 
2-252 
2-270 
2-288 
2-306 
2-324 
2-342 
2-360 

0.08 * 
0.03 k 
0.00 * 
0.6 i 
7.7 f 

15.0 f 
2.1 i 
0.29 i 
0.14 f 
0.09 f 
0.22 f 
0.05 f 
0.13 i 
0.17 f 
0.06 i 
0.04 f 
0.14 - i 
0.13 f 
0.04 f 
0.10 f 

0.00 f 
0.02 i 
0.03 f 
0.4 f 

10.0 i 
0.46 i 
0.14 f 
0.02 f 
0.00 f 
0.02 f 
0.05 i 
0.04 i 
0.04 i 
0.09 f 
0.04 k 
0.01 f 
0.00 i 
0.08 i 
0.13 i 
0.02 -+ 

a. Not blank corrected. 
b. Samples to a depth of 5 cm. 

0.02 
0.01 
0.01 
0.05 
0.5 
0.9 
0.1 
0.03 
0.02 
0.02 
0.03 
0.02 
0.02 
0.02 
0.02 
0.01 
0.02 
0.02 
0.01 
0.02 

0.01 
0.01 
0.01 
0.04 
0.6 
0.04 
0.02 
0.01 
0.01 
0.01 
0.02 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.02 
0.02 
0.01 

1965 
Pu 

DCilQ'bAd 

0.15 f 
0.08 f 
0.02 i 
0.32 f 
1.00 f 

13.0 i 
1.90 f 
0.32 f 
0.10 f 
0.06 i 
0.16 f 
0.05 f 
0.05 f 
0.14 i 
0.07 5 
0.05 f 
0.09 i 
0.15 k 
0.02 i 
0.11 i 

0.04 i 
0.02 i 
0.03 f 
0.33 -L 
2.50 i 
0.41 k 
0.42 i 
0.04 i 
0.01 f 
0.11 i 
0.02 5 
0.04 C 
0.05 5 
0.04 f 
0.04 f 
0.04 * 
0.05 f 
0.04 i 
0.13 5 
0.09 i 

0.02d 
0.01 
0.01 
0.03 
0.09 
130 
0.17 
0.03 
0.01 
0.01 
0.02 
0.01 
0.01 
0.02 
0.01 
0.01 
0.01 
0.02 
0.01 
0.01 

0.01 
0.01 
0.01 
0.03 
0 2 5  
0.04 
0.04 
0.01 
0.00 
0.01 
0.01 
0.01 
0.01 ~ 

0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 

0.1 5 
0.1 0 
0.04 
0.63 
7.40 

1 .w 
027 
0.08 
0.06 
0.16 
0.1 0 
0.04 
0.1 1 
0.08 
0.05 
0.1 7 
021 
0.03 
0.1 9 

15.0 

0.03 
0.07 
0.05 
023 
5.30 
0.46 
0.44 
0.04 
0.02 
0.04 
0.08 
0.06 
0.05 
0.07 
0.06 
0.05 
0.02 
0.09 
0.12 
0.05 

i 
f 
f 
i 
f 
f 
f 
f 
f 
f 

f 
f 
?; * 
f 
f 
f 
f 
i 

+ 
A 

f 
f 
f 
f 
f 
f 
i 

f 
f 

f 
i 
i 
f 
f 
i 

f 
f 

4- - 

I I 

4- - 

0.02 
0.02 
0.01 
0.06 
0.62 
1 .a 
0.18 
0.02 
0.01 
0.01 
0.02 
0.01 
0.01 
0.01 
0.01 
0.01 
0.02 
0.02 
0.01 
0.02 

0.01 
0.01 
0.01 
0.02 
0.48 
0.04 
0.05 
0.01 
0.01 
0.01 
0.01 
O D  1 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 

0.18 i 0.02 
0.06 2 0.01 
0.04 f 0.01 
0.51 i 0.05 
7.05 f 0.77 
2.37 i 021 
2.75 f 0.28 
0.36 f 0.04 
0.17 i 0.02 
0.10 f 0.01 
021 f 0.02 
0.16 f 0.02 
0.05 f 0.01 
021 i 0.03 
0.09 f 0.01 
0.06 f 0.01 
021 k 0.03 
0 2 4  i 0.03 
0.03 . f 0.01 
0.16 f 0.02 

0.04 i 0.01 
0.10 i 0.01 
0.10 f 0.01 
0.35 5 0.04 
4.48 i 0.52 
0.57 2 0.06 
0.40 k 0.04 
0.08 t 0.01 
0.03 i 0.01 
0.03 i 0.01 
0.14 f 0.02 
0.07 5 0.01 
0.07 i 0.01 
0.06 i O.Ot 
0.08 i 0.01 
0.13 5 0.02 
0.08 i 0.01 
0.08 r 0.01 
0.14 f 0.02 
0.08 f 0.01 

c. 
d. 

Conomtrations are for the fradion of soil measuring less than 2mm diameter. 
Error term represents two standard devialions. 
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Table 3.5-1 (Continued) 
Plutonium Concentrafion In Soil Samples at 1 and 2 Miles from the Plant Center 

inner Circle: 

L9raQn 

1018 
1-036 
1-054 
1-072 
1-090 
1-108 
1-126 
1-144 
1-162 
1-180 
1-198 
1-216 
1-24 
1-252 
1-270 
1-288 
1-306 
1-324 
1-342 
1-360 

Outer Circle: 

2418 
2-036 
2-154 
2972  
2-090 
2-1 08 
2-126 
2-144 
2-162 
2-1 80 
2-198 
2-21 6 
2-234 
2-252 
2-270 
2-288 
2-306 
2-324 
2-342 
2-360 

1988 
Pu 

DCjlPrb.0 

0.10 
0.88 
0.03 
0.37 

10.6 
10.4 

1.55 
0.20 
0.09 
0.06 
0.1 0 
0.05 
0.05 
0.09 
0.07 
0.03 
0.12 
0.16 
0.02 
0.12 

0.02 
0.07 
0.03 
0.1 1 
7.12 
0.47 
0.C3 
0.35 
0.02 
0.03 
0.1 0 
0.07 
0.03 
0.04 
0.06 
0.07 
0.02 
0.14 
0.10 
0.05 

a Not b h k  mnecied. 
b. Samples to a depth of 5 cm 

0.01 
0.01 
0.01 
0.04 
0.98 
0.94 
0.14 
0.02 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.02 
0.01 
0.02 

0.00 
0.01 
0.01 
0.01 
0.67 
0.05 
0.01 
0.03 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.00 
0.02 
0.01 
0.01 

0.08 
0.08 
0.13 
0.16 
2.52 
e.56 
1.08 
0.12 
0.06 
0.08 
0.05 
0.05 
0.05 
0.08 
0.06 
0.06 
0.10 
0.07 
0.04 
0.08 

0.02 
0.04 
0.06 
0.46 
1.94 
0.53 
028 
0.03 
0.02 
0.08 
0.01 
0.07 
0.05 
0.04 
0.06 
0.08 
0.04 
0.06 
0.06 
0.04 

+ - 
f 
f 

i 
t 
i 
f 
i 
f 
i 
f 
i 
i 
i 
f 
4 * 
f 
i 

+ 
A 

F * 
4 
f 
i 
f 

i 
+ - 
L 

L 
- 
A 

f 
t 
f 

- + 
i 
f 
i 
-f 

i 
A 

i - 

0.01 
0.01 
0.02 
0.02 
027 
0.8 1 
0.13 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 

0.01 
0.01 
0.01 
0.06 
0.23 
0.06 
0.04 
0.01 
0.01 
0.0 1 
0.01 
0.01 
0.01 
0.01 
0.0 1 
0.01 
0.01 
0.01 
0.01 
0.01 - 

0.07 i 
0.07 i 
0.04 f 
021 * 
218 t 
9.14 f 
1.46 i 
0.17 f 
0.06 f 
0.04 f 
0.13 i 
0.05 f 
0.03 .C 
0.07 i 
0.05 i 
0.07 i 
0.08 f 
0.09 f 
0.05 i 
0.11 f 

0.00 i 
0.05 t 
0.18 i 
0.14 i 
3.94 I 
0.32 t 
020 i 
0.02 f 
0.01 * 
0.03 rt 
0.05 2 
0.04 I 
0.04 2 
0.04 t 
0.04 t 
0.03 f 
0.06 i 
0.09 5 
0.10 t 
0.06 i. 

0.02 
0.001 
0.01 
0.03 
021 
0.12 
0.17 
0.02 
0.01 
0.001 
0.005 
0.007 
0.007 
0.01 
0.01 
0.01 
0.01 
0.01 
0.008 
0.01 

1991 
Pu 

DCl/a&b.c.d 

0.13 f 0.02 
0.25 f 0.05 
0.06 f 0.01 
0.18 i 0.03 
1.49 i 023 
9.76 i 1.35 
213 f 0.32 
0.19 f 0.03 
0.09 i 0.02 
0.04 . f 0.01 
0.17 f 0.04 
0.05 f 0.02 
0.05 f 0.01 
0.09 i 0.02 
0.08 f 0.02 
0.09 rt 0.02 
0.09 f 0.02 
0.14 f 0.03 
0.05 i 0.02 
0.1 i 0.02 

0.003 0.01 
0.01 0,.06 
0.03 0.07 
0.02 0.1 4 
0.5 3.61 
0.04 0.06 
0.02 0 2 5  
0.005 0.04 
0.004 0.03 
0.007 0.05 
0.01 0.07 
0.007 0.05 
0.002 0.04 
0.007 0.04 
0.007 0.03 
0.006 0.03 
0.01 0.08 
0.01 0.08 
0.01 0.1 
0.01 0.02 

i 
i 
f 
f 
f 
f 

rt 

f 

+ - 
+ - 
+ 
+ 
- 
- 
i 
i 

f 
i 
f 
f 
i 

4- - 

0.00 
0.01 
0.01 
0.02 
0.45 
0.07 
0.05 
0.00 
0.00 
0.01 
0.01 
0.01 
0.01 - 

0.01 
0.01 
0.00 
0.01 
0.01 
0.01 
0.00 

c. 
d. 

Concentrations are lor the fraction of soil measuring less than 2mm in diameter. 
Error tern represents two s:andard deviafions. 
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3.6 ECOLOGKAL STUDIES 

OVERVIEW 

Ecological studies are an ongoing part of RFP routine operations. These studies focus on the 
presence, abundance, and spatial distribution of plant and animal life (biota) at the RFP and are 
fundamental in identifying the impacts of the plant relative to the National Environmental Policy 
Act (NEPA) and other state and federal regulations and guidelines. Specialized studies, including 
floodplain identification and radioecological studies, investigate the unique ecological aspects of the 
RFP. 

The last comprehensive study of the environment at the RFP was conducted for the Environmental 
Impact Statement, Rocky Flats Plant Sire (DOE80). Much of the information contained in that 
document was compiled before September 1977. As noted in the Drafi Environmental Analysis 
Report (EGgOh), more recent information is available on land use, wetlands, and other 
environmental elements. Current information on specific natural resources at RFP results from 
studies including Wetland Assessment, RocX?? Flats Site (EG90g) and Threatened and Endangered 
Species Evaluation, Rocky Flats Plantsite (EG9 11). The scope of the current ecological studies 
program has been determined by public demand for current information on RFP impacts and 
increased emphasis on requirements for NEPA pursuant to Secretary of Energy Notice #15-90. 

ECOL OGlCAL MONlTORlNG 

To meet a Fowing priority for comprehensive, long-term ecological information concerning the 
plantsite, design and implementation of formalized ecological monitoring will be initiated in 1%2. 
Primary goals for the Ecological Monitoring Program (EcMP) will be to ( I )  thoroughly assess 
trends in terrestrial and aquatic biological media, (2) demonstrate compliance with applicable 
federal, state and local biological reglations, (3) confm adherence to ecological aspects of DOE 
environmental protection policies, and (4) support cost-effective environmental management 
decisions. This progam is currently in the detailed design phase, with a comprehensive program 
plan due to DOE in October 1992. 

RESOURCE PROTECTION 

The Resource Protection Program (RPP) will conduct biological surveys and assessments to 
ensure compliance with biological regulations (Endangered Species Act, Fish and Wildlife 
Coordination Act, Migratory Bird Treaty Act, Bald and Golden Eagle Protection Act, Colorado 
State Species of Concern) for Operable Units (OUs) and sitewide projecrs. 

ECOLOGICAL STUDIES 

The following ecological studies were underway in 199 1 : 

Baseline Studies - inventories of aquatic and temstrial wildlife and vegetation to establish 
baseline ecological conditions. 



Radioecological Investigations - studies of deer, small mammals, soils, and vegetation io 
evaluate various population parameters and radionuclide uptake in these populations, and to 
establish remediation standards. 

Environmental Evaluations - investigations to assess actual or potential effects that 
contamination at hazardous waste sites may have on plants and animals. 

BASELINE STUDIES 
Baseline studies serve as a snapshot in time of the wildlife and vegetation resources at RFP. 
Information gathered on the presence, abundance, and distribution of aquatic and terrestrial 
vegetation and wildlife is used to measure the impacts of various intrusive activities on these 
natural resources and to comply with the NEPA Code of Federal Regulations, 40 CFR Parts 1500- 
1508, and 10 CFR Part 1021 and DOE Order 5440.1D, “National Environmental Policy Act 
Compliance Program.” Baseline studies began in November 1990 and concluded in early 1992. 
The final baseline wildlife/vegetation survey report, containing all of the data gathered during the 
course of these investigations, will be available in August 1992, and will cover three major 
investigative categories: aquatics, terrestrial vegetation, and terresmal wildlife. Highlights of the 
forthcoming report are given below. 

Aquatics 

Seven species of fish including the white sucker (Catostomus commersoni), green sunfish 
(kpomis cyzneZZus), and largemouth bass (Micropzem salmoides) (DOE9 1 b), were documented 
as being present in the Woman Creek and Rock Creek drainages. Each of these seven species was 
listed as common in occurrence. Two other previously recorded species, the bluegill (Lepom‘s 
macrochirus) and rainbow trout (Salmo gairdneri), were not encountered but may be located once 
sampling is completed in the Walnut Creek drainage system. 

Terrestrial Vegefofion 

Baseline studies documented and/or confirmed the presence of 362 species of plants on the RFP 
(DOE91b). This is an increase of 78 species over the previously reported vegetation inventory 
@OE80). 

Terrestrial Wildlife 

Preliminary findings included six species of amphibians and eight species of reptiles (DOE91 b). 
All species previously reported were confirmed and seven species new to the site were recorded. 
As of July, 1990, 144 bird species were reported (DOEglb), a significant increase over the 38 
species previously reported (DOESO). Thirty-five species were confirmed to nest at the RFP, and 
an additional 44 were characterized as possible or occasional breeding species. Twenty-three 
species of mammals were documented including an uncommon finding of a water shrew at a 
lower elevation than previously recorded in Colorado. Of the 18 previously recorded species 
(DOE80), only the silky pocket mouse (Perognathus f laws )  has not yet been confirmed 
(DOE9 1 b). 
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RADIOECOf. OGICAL 1NVESTlGATlONS 

Deer 

Deer ecology investigations assess the habitat use, population size, and radionuclide uptake by 
mule deer populations at RFP. This is needed to evaluate and lessen the impacts of pianr 
operations from remedial actions and alternative uses of the buffer zone. Tnese investi&om also 
support NEPA requirements. Investigations began in 1991 and will continue throush 1994. 

Preliminary results suggest that deer use the Solid Waste Management Unit (SWMU) areas at 
RFP, bur do not assimilate signficant amounts of plutonium, uranium, or americium (CSU92c). 

Srnull Mammals, Vegetation, and Soil 

RadioecoIogical investigations of small animals, vegetation, and soil are designed to (1) assess 
standards for remediation of plutonium and americium conmination in soils east of the 903 P3d at 
the RFP, (2) evaluate the current distibution of plutonium, americium, and other radion~lides in 
the tenesrid environment near the 903 Pad, and (3) compare the present dismbution of plutonium 
with that measured in-ihe mid-1970s. A description and characterization of radionuclides in the 
biota is needed to support NEPA activities, Inter-Agency Agreement (IAG) actions, and furure decisions concerning environmental remedianon under the Resource Conservation an d RecoveF 

Act (RCRA), and the Comprehensive Environmental Response, Compensation, and Liability Ac: 
(CERCLA). 
Preliminary results indicate that mean plutonium concentranons in the ve, Oeta ti on h ave decreased 

from 1056 Bqkg reported for the 1972-1974 period (L176) to 164 Bqkg in 1989 (CS‘LT??b), 
amounnn,o to a decrease of approximately 84 percent. Likewise, plutonium accumulations in the 
soil showed a general dec line from he 1972-1973 period 6176) to 1989 (CSU92bj. Toral 
inventory of plutonium in the soil and vegetation of the primary study area was estimated to be 463 
k.EJq/m2 in 1989 (CSU92b), approximately 20 percent of the plutonium invenrory reporred for the 
1972-1974 period 6176). No significant difference between small mammal tissue samples 
analyzed 18 years ago and samples coilected for this study were found (CSU923’). This 
reconfirms findings in the earlier studies that small mammals are nor assimilating pluronium or 
americium; therefore, the small mammal srudies have been discontinued. These vegetation ana soi1 
studies will be discontinued at the end of FY93 and a comprehensive report containing all of the 
data and conclusions generated by these studies will be prepared by October 1993. 

ENVlRONMENTAL EVA1 UATIONS 

An environmental evaluation (EE) is an assessment of actual or potential effecrs of contamination at 
hazardous waste sites on plants and animals other than people or domesricated species. Ecclogical assessments of hazardous waste sites are an essential element in determinin, 0 overall nsk and 

protecting public health, welfare, and the environment. 

Hazardous waste site EEs are intended to provide decision makers with informstion On i S k s  IO [he 
natural environment that are associated with contaminants or with acnons designed 10 remediate ihe. 
site. The EE provides information to determine whether the ecosystem has been, or has ih:: 
potential to be, damaged by hazardous substances and/or wastes released into individual hazxdous 
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substance sites (IHSSs) defined under the IAG. Under the IAG, the IHSSs 3nd SU'hlUs hsve 
been grouped into 16 OUs. Information from the EEs assists in aeremining the forn, feasibility, 
and extent of remediation necessary for the RFP in  accordance with appiicable state and federal 
regulations. The development of a srandardized ecosystem approach and development of 
individual OU-specific EE work plans provide focused investigations of potential contamination 
effects on the biota of the IZFP and the surrounding area. Results of the studies are presented in 
the EE reports submitted as a chapter of the RCRA Facility Invesngations/Remedal Investigations 
(RFVRI) Report for each OU. 

Field sampling in OU1 was completed in 1991 and is ongoins in OUs 2 and 5. Field sampling has 
not begun for the rest of the OUs. Initial findings have mpled the number of plants and animals on 
the species list for RFP. The entire buffer zone, parricularly Woman Creek, has been characterized 
as ecologicslly diverse and rich in habitat Three different physioFaphic regions (inrermontaine, 
high plans, and tall ,mss) overlap at RFP and atuacr species coming down from the mountains and 
up  from the plains. The draft OU1 EE report was produced in June 1992; the find version of this 
report, containing all the data gathered at OU1, will be available in October 1992. 
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4. Environmental Remediation 
P rog ra ms 

0 VER VIE W 
Environmental Remediation CER) Programs were established to comply with regulations for 
characterization and cleanup of inactive wasie sites a: IFP.  The program specifically includes 
inactive site identification and characterization, remedia; design and cleanup action, and posl- 
closure activities of inactive radioactive-, hazardous-, ana mixed-waste sites. The ER Progmm is 
designed to investigate and clean up contaminated sites. The primary objective of the Remedial 
Action Program is to bring all known waste sites at W P  into compliance with applicabje federal, 
state, and local environmental laws and regulations and at the same rime ensure that risks to human 
health and the environment are either reduced to prescribed levels or eliminared. 

Various environmental laws, regulations, Executive Orders, DOE Orders, and state and federal 
facility agreements and consent orders apply to ER programs. DOE has negotiated several 
agreements (with the EPA and CDH), which address compliance with environmenra1 reguladons, 
scopes of work, and timetables that require DOE compliance. DOE. CDH, and the EPA signed the 
Inter-Agency Agreement (IAG) in January 1991, which sets forth schedules and budgets for 
environmental remediation. EPA’s land disposal restrictions (LDRs) have been addressed by a 
Federal Facilities Compliance Agreement (FFCA). The Agreement In Principle (AIP) between 
DOE and the State of Colorado requires the acceleration of cleanup activities where contaminatioc 
presents a potential threat to health or the environment, and additional monitoring requirements. 

The IAG and its attachments address details on specific response requirements that must bU me1 
during the Comprehensive Environmental Response, Compensation and Liabiliry Act (CERCLA) 
and the Resource Conservation and Recovery Acr (RCRA) processes being employed for izssess- 
ment and remediation of identified Individual Hazardous Substance Sites (IHSSs) on or adjacenr to 
the W. These 178 MSSs have been categorized into 16 Operable Units (OUs) based on cleanup 
priorities, waste type, and geographic location (Table 4-1). The IAG Statement of Work (SOW) 
provides details on the activities that must occur and the sequence of those activities to satisfy the 
requirements of the IAG. Increased levels of security imposed on all DOE weapons facilities 
because of the Desert Storm activities in the Persian Gulf slowed progress on many RFP 1AG 
activities in January and Februgp 1991. 
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The following sections give a physical description of the 16 OUs, along with the activities 
conducted therein during 199 1. 

Table 4-1 
Organization of Individual Hazardous Substances Sites (IHSS) 

into Operable Units (OU) 

Pperable Unit d Jndividual Hazardous Substance Sites 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

102,103,104,105.1,1052,106,107,119.1,1192.130,145 

lM, 109, 110, 111.1,111~111.3. 111.4,111.5,111.6,111.7,111.8,112,113, 
140, 153, 154, 155, 183, 216.2.216.3 

199.200.201.202 

101 

115. 133.1, 1332, 133.3, 133.4,133.5, 133.6, 142.10, 142.11,209 

141, 142.1.1422,142.3, 142.4. 142.5, 142.6, 142.7.1428, 142.9, 142.12, 
143,1562,165,166.1, 166.2,166.3,167.1.1672.1673,216.1 

114,203 

118.1,1182.123.1,135,137,138,139.1,139.2,144,150.1.1502.150.3.150.4, 
150.5, 150.6.150.7, 150.8.151, 163.1.1632,172,173, 184,188 

121,122.123.2,124.1,1242.124.3,125,126.1,1262,127,132,146.1, 1462, 
146.3,146.4.146.5.146.6, 147.1, 149, 159.215 

129.170,174.175,176,177,181,182,205,206.207,208.210.213.214 

168 

116.1,116.2.120.1,1202,136.1.1362,1472 1572,187,189 

117.1.117.2.117.3,128,134,148,152,157.1.158,169,171,186.190,191 

131, 156.1.160, 161.162,164.1,164.2,164.3 

178.179,180,204,211,212,217 

185.192.193.194,195,196,197 
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OU 7 - 88 I HllLSlDE ASSESSMENT/REMEDlATlON 

OU Description 

The alluvial groundwater at the 881 Hillside Area, located north of Woman Creek in die southeast 
section of RFP, was contaminated in the 1960s and 1970s with solvents and radionuclides. The 
area is almost two miles from the easrern, outer edze of the plant’s buffer zone at Indiana Street. 
The various IHSSs that make up OU 1 are being investigated and treated as high-priority sites 
because of elevxted concentrations of organic compounds in the near-surface groundwater and the 
proximity of the contamination to a drainage system leading to an offsire drinking water supply. 
The selected Interim Remedial Action (IRA) at OU 1 involves construction of an underground 
drainage system called a French drain that will intercept and contain contaminated groundwater 
flowing from the OU I area. The contaminated water will be treated at the 891 treatment facility, 
designed for this purpose, and released onsite into the South Interceptor Ditch alongside Woman 
Creek. IRA construction is scheduled to be completed in 1992. The Remedial Investigation and 
Feasibility Study (RIES) to determine the final remedial action are continuing in parallel with the 
IRA. Figure 4-1 shows the IHSSs that constitute OU 1. 
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Figure 4-1. Operable Unit 1 
881 Hillside 
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Phase 111 RCRA Facilit!. Ini,cstigation/Rc.medi31 11i\*estig3tion (RFI/RI).  Work  
permitting, mobi1iza:ion scheduling, and drill hole prioritizing began in early spring. The Find 
Work Plan for the Phase 111 RFIRI was submirtcd to EPA and CDH in  April. Packer tests were 
sraned in November 1991 in the deeper boreholes, and downirille geophysics u x  used to suppon 
the packer tests. Additional sampling included some manhole and sump sampling around 
Building 881. Hydraulic testing consisted of a step drawdown test followed by evaluation of 
tracer dyes used to determine the movement of contaminants through the ground. 

IRA Phase IIA, I-B 11-B. Phase I-B interim remedial action construction, which included 
consrruction of the 891 treatment building, placement of the influent storage tank foundation, and 
tank instalkition, u’as completed in ?/lay. All four 16,000-gallon influent tanks were set into place 
on the containment pad, and systems operations testing was begun. Phase 11-A construction, 
which included installation of the process treatment system and effluent storage tanks, staned in 
July. Acid and caustic tanks for the 891 treatment building were received in October. Pipe 
installation was 95 percent complete, and pipe heat nacing and insulation was approximately 90 
percent complete by December. Construction of the three 160,000-gallc~n effluent tanks has been 
completed. _ -  

IRA Phase 11-B French drain excavation began in Eovember. Excavation activities started with the 
sump pit at the east end of the French drain. 

RI-Environmental Evaluation (EE). The OU 1 RI field sampling program began wirh biota 
sampling and borehole staking. Small mammal trapping, vegetation sampling, aquatic 
invertebrate, and fish and minnow sampling were completed in the fall. Tissue samples were taken 
of small mammals, fish, salamanders, minnows, crayfish, and numerous plant species. Ecological 
community survey field activities were also completed, and analysis of the ecological communiry 
survey data began. 

OU 2 - 903 PAD, MOUND, AND EAST TRENCHES ASSESSMENT/ 
REMEDIATlON 

0 U Desc rip tion 

Contamination at the 903 Pad and Mound areas is largely attributed to the storage in the 1950s and 
1960s of waste drums that corroded over time, allowing hazardous and radioactive material to leak 
into the surrounding soil. Additional contamination may have resu1te:d from wind dispersion 
during drum remova! and soil movement activities. The East Trenches Area was used for disposal 
of plutonium- and uranium-contaminated waste and sanitary sewage sludge from 1954 to 1968. 
Two areas adjacenI to the trenches were used for spray imgation of sewage treatment plant 
effluent, some of which may have contaminants that were not removed by the ueatment system. 

An Interim Measures/Interim Remedial Action (IM/IRA) provides for surface water in source areas 
of contamination to be coliected, treated, and discharged to the surface water drainage. Operation 
of a field-scale treatabiliry unit for the South Walnut Creek drainage blcgan in May 1991. The 
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effectiveness of the treatment process will be e\*aluarec! at tfircr: locations: rhc entrance to the 
trearmcnt Pdcilit>-, several points Liithin thc fdcilirl., and the discharge point. Aficr completion of 
the field-scale trearabiliry tests, the u n i t  is anticipated to remain i n  sentice unt i l  the final remedial 
ac:i:m is operationk. 

A second IM/IRA was established i n  late I W ! .  Tiii:; Proposed Subsurface Investigation 
IM/IRAP/EA wiIl be conducted on an 3rea locared nonh of M’onian Creek that encompasses the 
903 Pad, the Mound .4rea. and tile East Trenches Are3 of OG 2. This interim action will identify 
and evaluare interim remedial actions for removal of residual free-phase VOC contamin;ition from 
three disrinct subsufixe environments 31 OU 2. Each of the proposed VOC-removal actions 
involve in situ, vacuum-enhanced vapor extraction technology. The interim remedial actions are 
proposed for the collection of information tha.: will aid in the selection and design of final remedial 
actions tha; address subsurface, residua! free-phase VOC contamination at OU 2. Figure 4-2 
shou9s the MSSs that constituie OU 2. 
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- Figure 4-2. Operable Unit 2 
903 Pad, Mound, East  Trenches 
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Phase I1 RFI/RI. The Phase 11 RFI/RI Work Plan (Alluvjal) was revised and subsequently 
approved by EPA and CDH i n  the fall of I99 I .  The Final Phase 11 RFl/RI Work Plan (Bedrock) 
was delivered to EPA and CDH in July. 

Preliminary acrivities for the Phase 11 RFI/RI (Alluvial) fieldwork began in March with prepantion 
of an Environmental Management Construction Yard Master Plan. The construction yard is used 
to store equipment, locate construction trailers. and provide logistic support for field activities. OU 
2 RI fieldwork began in May with the location of boreholes, staking and surveying, 
decontamination pad operational readiness, and safety mining .  

IRA. An agreement among DOE, EPA, and CDH was made to divide the OU 2 - 903 Pad, 
Mound, and East Trenches Interim Remedial Action (IRA) into two phases. One phase will collect 
and treat water from the South WaInut Creek drainage; the other phase will do the same for the 
Woman Creek drainage. 

The panular activated carbon (GAC) treatment facilities were installed in May and became 
operational in early June. The GAC IRA treatment system collected, treated, and discharged 
4,822,503 gallons of surface water during 1991. 

IM/IRA. The draft Woman Creek Interim Measuresflnrenm Remedial AcrionEnvironmental 
Assessment (IM/IRA/EA) Plan recommendin,p “no action” was submitted to EPA and CDH in 
October and was subsequendy rejected Issues included hydrogeologic and source characterization 
and testing of in sizu vapor extraction contributing to the cleanup of the three OU 2 contaminated 
areas. DOE presented major changes to the scope of a revised IhUIRA Plan consistent with 
agencies’ requirements. Construction of a radionuclide removal system, which will be inteagrated 
wth the GAC system, is scheduled for the spring of 1992. 

EE. Small mammals, vegetation, periphyton, benthic macroinvenebrates, and insects were 
sampled as part of the OU 2 EE program. Tissue samples were also collected from small 
mammals, vegetation, and insects. Tissue samples were sent to the laboratories, and data analysis 
of the ecological community survey data began. 

OU 3 - OFFSlTE A REAS ASSESSMENT 

011 Description 

OU 3 remedial activities are divided into two main categories. In the first category, the IAG 
directs activities according to CERCLA. This involves assessment of contamination in offsite 
IHSSs. The second category responds to a 1985 setrkment agreement among DOE, The Dow 
Chemical Company, Rockwell International, local governments, and private landowners. This 
Settlement Agreement requires remediation actions to reduce plutonium contamination on areas 
adjacent to the eastern boundary of RFP. Remedial activities in compliance with the settlement 
agreement (deep disc plowing) began in 19S5. 73e disturbance resulting from remediation is being 
revegetated with mediocre success. The ovem11 schedule for this activity is determined by ihe year- 
to-year success of the revegetation effort and requirements o f  the landowners. Figure 4-3 shows 
the IHSSs that constitute OU3. 
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1991 Activity 

Past Remedy Report. The final Past Remed!. Report was delivered to EPA and CDH in April. 
This report details the history of the remea!, ordered by the U.S. Districr Coun purs:ianr IO the 
Settlement Agreement, the implementation of the remedy, md [he effectiveness of the remedy. Tne 
report includes a health assessment identifying the public health risk associated wi:h potenrial 
exposure to the public before the stan of site remediation. during remedialion, and after completion 
of the Settlement Agreement imposed remedy. The report summarizes results of plutonium and 
americium analyses oi  soil samples and current revegetative activities. 

Historical Information Summary. The Final Historical Information Summary and 
Preliminary Health Risk Assessment Report was delivered to EPA and CDH in  April. This report 
provides known data describing contamination within three offsite reservoirs: Great Western 
Reservoir, Standley Lake Reservoir, and Mower Reservoir. The report also includes a health risk 
assessment identifying the public health risk associated with potential exposure IO the public for a 
no-action alternative for remediation of the contamination. 

Offsite Areas RFI/RI. Draft and final Offsite Areas RFI/RI Work Plans were delivered to EPA 
and CDH in July and December, respectively. The final work plan was modified to incorporate 
coniments regarding (1) the contaminants of concern to be sampled and (2) tho, statistical basis for 
the number of samples taken. The revised plan was designed to obtain sufficient samples to 
validate older studies based on sound justification for the number of sampling locations in each 
geo,pphical location and environmental media. - 

A presentation on the OU 3 Offsite Areas was made to the Technical Review Group (TRG) in 
July. The TRG provides early community involvement in environmental restoration projects 
through participation in work plan scoping and draft work plan review. The group is comprised of 
approximately 20 participants from local municipalities and citizen groups. 

A wind tunnel is being considered IO evaluate potential resuspension of soils and sediments 
conmbuting to offsite health risk. The Preliminary Risk Assessment in OU 3 indicated inhalation 
of resuspznded panicles as the major pathway for offsite health risk. Tho, wind tunnel would be 
used to develop data that measures the resuspension of soils and sediments, and thus,  the 
contribution from wind-dispersed radiological contamination. 

OU 4 - SOLAR PONDS ASSESSMENT 

0 U Description 

OU 4 is comorised of five solar evaDoration nonds: 207A. 37B series (north. center. south). an( 
207C (Figure' 4-4). Beginning in t h i  late 195bs and continuing until 19$3, the'ponds were used to 
store and evaporate low-level ndioactive process water containing high concentralions of nitrates 
and treated acidic wastes. The sludge and sediments that resulted from the process were 
periodically removed and disposed at the Nevada Test Site. 

116 



ii 

779 
G 7 

++ pI 
1 

I 
I 
1 \ 

' I 4; 
I 1 

Figure 4-4. Operable Unit 4 
Solar Evaporation Ponds 
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As technology improved through the early 1960s and 1970s. the ponds w e ~ e  relined wi th  \zriou> 
upFade2 materials; however. leakage from the ponds into the soil and ;roii!-idumer t\*as drrecwd. 
Interceptor n-enches were installed in 197 1 io collect and recl-cle goundwarer contaminared b) the 
ponds and to prevent natural seepage and pond 1eak;:;e from enrerins No:-:!I N':!lnut Creek. I n  
1981, these uenches were replaced by the current and larzer inlerceptor trcnch q'srem, v.rhjch 
recycles approximately four million gallons of groundwater a year back into the sola; evaporation 
ponds. Presently, only the 207B north solar evaporation pond receives contaminated groundwater 
coliected by the intercepror system. 

The Donds are RCRA interim status regulated units that are currently under closure. To proceed 
with 'remedial measures and characteiiz~ the level of contamination a; the site, approximately eighr 
million gallons of excess liquid in the ponds must be removed. The removal of this liquid and the 
redirection and treatment of the groundwater by the interceptor trench system are the focus of rhe 
Interim Remedial Action that is scheduled for operation in early 1992. 

DOE'S proposed cleanup action involves an initial partial closure of the ponds to eliminate the flow 
of harmful contaminants into groundwater and soil. The method of action calls for evaporation of 
the pond water (estimated at approximately 12 million gallons) and sludge removal. Sludge 
removed from the ponds and solidified with Portland cement (referred to as "pondcrete") will be 
transported to the Nevada Test Site. 

The ponds will be dewatered by natural evaporation, enhanced natura! evaporation, and forced 
evaporation. Enhanced evaporation will be achieved by (1) addins a nontoxic dye to the water to 
promote increased solar heat absorption and (2) using heatedsoaker pipes, which increase the 
surface area for evaporation. Forced evaporation will be achieved by using an existing evaporation 
system and portable evaporator units. The forced evaporation method will be used predominantly 
for water from precipitation collected by the interceptor system. 

The Final Phase I RFI/RI Work Plan was delivered to EPA and CDH in November. Comments 
received from CDH conveyed their belief that the closure activities, spccifially the operation of the 
"surge tanks" for the interceptor trench pump house system, constitute an interim measure study 
under the LAG, and therefore, the procedures dictated by the IAG for public notice and commeni 
must be followed. CDH requested an IM/IRA Action Plan for the surge tanks and flash 
evaporators, which would be used to treat groundwater collected fron the area adjacent to the Solar 
Evaporation Ponds. The draft final IM/IRA was delivered to the EPA and the CDH in August and 
was subsequently released for public comment. CDH gave conditionai approval of the lM/IRA 
Plan. Work is underway to review and address both public and regulatory agency comments and 
prepare a Responsiveness Summary IO be included in the Final IM/IRA document. 

OU 5 - WOMAN CREEK ASSESSMENT 

OU Description 

OU 5 consisrs of several IHSSs within the Woman Creek drainage (Fipre 3-5). These THSSs 
include retention ponds C-1 and C-2. Two additional surface disturbances have been identified, 
one located south of IHSSs 133.1 - 1.33.4 and a second west of IHSS 209. These last tu'o sites 
have been included in the OU 5 Work Plan. 
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Figure 4-5. Operable Unit 5 
Woman Creek 

119 



1591 Acfnify 

The Final Phase I RFl/Rl Work Plan was submitted to EPA and CDH in August. The RFI/RI 
investigates and defines the site physical characteristics, defines the sources of contamination, and 
describes the nature and extent of contamination. EPA and CDH disapproved the work plan 
believing that if the plan was implemented it would provide insufficient information on which to 
base a risk assessment and remedial action decisions. A geophysical survey, conceptual model, 
and the incorporation of Smart Creek/Ditch were added to the work plan, which was resubmitted to 
EPA and CDH in December. The EE prooam for OU 5 continued in 1991 and included sampling 
of vegetation, small mammals, periphyton, benthic macroinvertebrates, and insects and tissue 
collections. 

OU 6 - WALNUT CREEK ASSESSMENT 

0 U Description 

OU 6 consists of IHSSs within the Walnut Creek drainage (Figure 4-6). Thineen additional 
groundwater monitoring wells will be installed throughout OU 6 to monitor the alluvial aquifer. 
Five bedrock groundwater monitoring wells will be installed in the vicinity of North Walnut Creek 
to characterize the bedrock aquifer, and possibly nine additional bedrock groundwater monitoring 
wells may be installed in the vicinity of the A-series ponds. 

Sediment samples are proposed to be taken along each sueam seepent on North and South Walnut 
Creeks where existing data are insufficient to adequately characterize the sediments. Elsewhere 
within the OU 6 drainage, there is sufficient information about the sediments leading to a reduction 
in the number of sampling locations. Surface-soil sampling has been modified for the Triangle 
Area @rSS 165) and the Old Outfall Area (IHSS 143) to enable sampling of the original surface 
area by borings through the overlying fill. 

Draft and final Phase I M/RI Work Plans were submitted to EPA and CDH in April and 
September, respectively. EPA and CDH disapproved the Final Phase I RFI/RI Work Plan for 
OU 6 in October. A conceptual model and field sampling changes were added and the revised 
work plan was approved in February 1992. 
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Figure 4-6, Operable Unit 6 
Walnut Creek 
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OU 7 - PRESENT LANDFlLL 

0 U Descrip fion 

The Present Landfill, OU 7, is located north of the plant complex on the western edge of an 
unnamed mbutary of h'orth Walnut Creek and is comprised of two IHSSs (Figure 4-7). IHSS 
114 includes landfill waste and leachate at the Present Landfill, soils beneath the landfill potentially 
contaminated with leachate, and sediments and u'ater in the East Landfill Pond. IHSS 203 
contains potentially contaminated soils at the Inactive Hazardous Waste Storage Area. The Present 
Landfill began operation in August 1968 and was originally constructed to provide for disposal of 
RFP's nonradioactive and nonhazardous wastes. In September 1973, tritium was detected in 
leachate from the landfill. During the mid-l980s, extensive investigations were conducted on the 
wasre streams being disposed into the landfill; consequently, hazardous wastes and hazardous 
constituents were identified. Although currently operating as a nonhazardous sanitary landfiI1, the 
facility is considered to be an inacrive hazardous waste disposal unit undergoing RCRA closure. 

The Draft Final Phase I RFI/RI Work Plan was submitted to EPA and CDH in August and was 
conditionally approved by these agencies in October. The plan was revised to address agency 
comments and resubmitted in December. RFI/RI fieldwork was deferred to FY93 (October 1992) 
because of funding limit ations - 

011 8 - 700 AREA ASSESSMENT 

0 U Description 

OU 8 consists of IHSSs inside and around the producrion areas of the RFP (Figure 4-8). 
Contamination sources within the various IHSSs include above ground and underground tanks, 
equipment washing areas, and releases inside buildings that potentially affected areas outside the 
buildings. Contaminants from these sources may have been introduced into the environment 
through spills on the ground surface, underground leakage and infiltration, and in some cases 
through precipitation run-off. The chemical composition of the contaminants alsc+pes widely 
among the IHSSs, ranging from low-level radioactive mixed wastes to nonradioacn organic and 
inorganic compounds. No acrivities are scheduled for OU 8 until 1992. 

OU9 - ORlGlNAL PROCESS WASTE LlNES ASSESSMENT 

The Original Process Waste Lines (OPWL), OU 9 (Figure 4-9), consists of a system of 57 
designated pipe sections extending berween 73 tanks and 24 buildings connected by 35,000 feet of 
buried pipeline that transferred process wastes from point of origin to onsite ueatment plants. The 
system was placed into operation in 1952, and additions were made to the system through 1975. 
The original system was replaced over the 1975-1983 period by the new process waste system. 
Some tanks and lines from the original system have been incorporated into either the new process 
waste system or the fire water deluge collection system. 
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Figure 4-7. Operable Unit  7 
Present Landfill 
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Figure 3-8. Operable Uni t  8 
700 Area 
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Figure 4-9. Operable Unit 9 
Original P r o c e s s  Waste Lines 
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The original system is known to have transportzd 0: stored \,xious aqueous procrss w3hIes 
containing low-level radioactive materials, nitrates. caustics, and acids. Small quantities of other 
liquids were also introduced into the system, including pickling liquor from f o u n w  o?erdtions. 
medical decontamination fluids, miscellaneous laboratory liquids from Building 123, and laundry 
effluent from Buildings 730 and 778. The RFI/RI plan includes inspection and sampling o f  rhe 
OPWL tanks and pipelines that are accessible and soil sampling to determine the extent of 
contamination in the vadose zone. The soil sampling will be performed by installing tesi pits and 
borings where known or suspected releases cxcurred, near pipe joints and valves, at approximatelv 
200-foot intervals along the pipelines and by installing borings arouns’ t he  outdoor tanks. Soil 
characterization studies will determine the need for soil removal and/or treatment. The resu1:s of 
the RFI/RI will determine the need for interim and/or final remediation apt’ ion. 

Draft and final Phase I RFI/RI Work Plans were submitted to EPA and CDH in June 1990 ma 
November 1991, respectively. Agency approval of the work pian is pending. 

OU 10 - OTHER OUTSIDE CLOSURES ASSESSMENT 

OU 10 is comprised of IHSSs scattered throughout the plant and various hazardous waste units. 
Five of the IHSSs are located in the Protected Area (PA), two 2re located in the buffer zone near 
the Present Landfill, and the remaining are located near various buildings throughout the plant 
(Figure 4-10). The types of wastes identified at these sites rznge from pondcrete/saltcrete storage 
and drum storage, to a utilization yard with waste spills. The primary components of tie RFI/RI 
Work Plan for OU 10 are a Field Sampling Plan (FSP), Baseline Risk Assessment Plan (BRAP), 
and an EE Work Plan. IRA is scheduled to begin in early 1998. The Drafr Phase I WW.1 Work 
Plan for OU 10 was submitted to EPA and CDH in November. Comments were received and the 
work plan is being revised to address these comments. 

OU 11 - WEST SPRAY FIELD ASSESSMENT 

The West Spray Field is located within RFP property boundzry immediately west c;f the nain 
facilities area (Figure 4-1 1). The West Spray Field was in operation from .4prii 1982 to October 
1985. During operation, excess liquids from the solar evaporation ponds 207-B North and Center 
(contaminated groundwater in the vicinity of the ponds and treated sanitry sewage effluent) were 
pumped periodically to the West Spray Field for spray applicaIion. The spray field b o u n d q  
covers a n  area of approximately i05.1 acres, of which 38.3 acieS received direct application of 
hazardous waste. The RFIRI process will entail field studies to determine the presence and levels 
of hazardous constituents in soil and groundwater. Drafr and final RFI/RI Work Plans were 
submitted to EPA and CDH in 1990 and January 1992, respectively. 
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O t h e r  Outside Closures 
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Figure 4-11. Operable  Unit 1 1  
West  Spray  Field 
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OU 12 THROUGH OU 16 

These OUs consist of lower priority areas for which \wious remedial activities are scheduled i n  
1992. Figures 4-12 through 4-16 show the locations of IHSSs that make up OUs 12 through 16. 

OU 12 - 400/800 Area Assessment. Contamination in these OU 12 areas originates from 
cooling tower ponds, chemicals from fiberglass operations, leaks, and spills that may have 
contaminated the soils with VOCs and other organics, metals, and acids. 

OU 13 - 100 Area Assessment. OU 13 comprises chemical storage areas, an underground 
tank, waste destruction areas, a valve vault, and places where minor leaks or spills occurred. Tile 
soil has received VOCs and other organics, depleted uranium, metals, acids, caustics, and metals 
from these IHSSs. 

OU 14 - Radioactive Sites Assessment. OU 14 consists of storage areas for radioactive 
soils removed from near the radiological operations buildings. 

OU 15 - Inside Building Closures Remediation. OU 15 includes structures within 
buildings where hazardous materials were stored or processed. 

OU 16 - Low Priority Sites Assessments. OU 16 covers miscellaneous leak and waste 
treatment sites that are considered the least likely to cause health or environmental problems. The 
soils at these sites may have been contaminated by organics, solvents, and nickel carbonyl. 



Woman Creek 

Figure 4-12. Operable  Unit 12 
400/800 A r e a  
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Figure 4-13. Operable Unit 13 
100 Area 
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Figure 4-14. Operable Unit 14 
Radioactive Sites 
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Figure 4-15. Operable Unit 15 
Inside Building Closures 
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SITE Wl D E A CTl VlTiES 

Sitewide activities include several rasks t h a ~  encompass ;: wide variety of pIsns, procedures, 
reports, studies, and other activities required by rhe IAG and tha t  apply to RFP environmental 
restoration activities in general. 

Community Relafions Plan 

The Final Rocky Flats Plant Community Relations Plan (CRP) was submitted to CDH and EPA in 
January. Public meetings were held in February and March and written comments were accepted 
through March 30, 1991. Compilation of the CRP Responsiveness Summary continued through 
May 1991. As part of the CRP, contractor representatives conducred a buffer zone tour in October 
1991 for the TRG, which is composed of representatives from local municipalities and local 
environmental groups. 

Plan for Prevention of Contaminant Dispersion 

An Interim and a Final Plan for Prevention of Contaminanr Dispersion (PPCD) were submitred to 
EPA and CDH in February and July, respecrively. This plan provides for the management of 
wastes at individual sites in such a manner as to prevent wind blowing of hazardous materials. 

Public comments were received on the PPCD. and rhe Responsiveness Summary (RS) was 
prepared. The RS and Final PPCD were submitted to CDH and EPA in Yovember. Comments 

- by these agencies on the RS are being addressed. 

Quality Assurance Program Pian 

The Sitewide Quality Assurance Program Plan (QAPP) and Sitewide Standard Operating 
Procedures (SOPs) were submitted to EPA and CDH in March. The QAPP describes sitewide 
Quality Assurance (QA) requirements, which wiII be implemented by the DOE, EGCLrG, and all 
subcontractors conducting remedial investigations and feasibility studies at the RFP. The SOPs 
detail field techniques to be used during the investigation of the sites and provide guidance for the 
performance of all fieldwork to ensure that work required by the IAG is  performed according to 
EPA- and CDH-approved methods. After EPA and CDH approval of the QAPP and SOPs, a 
readiness review is conducted before any fieid activiries begin to verify that all elements are in 
place. 

Discharge firnifs for Radionuclides Work Plan 

The Draft Radionuclides Discharge Limits Work Plan (ftDL\r*’P) was delivered to EPA and CDH 
in  April. The primary focus of this work plan is the monitoring and control of radionuclide 
concentrations in discharge water. The work plan describes analytical protocols and methods for 
rhe deteminarion of radionuclide levels, presents statistical assessments of accumulated analytical 
results, and recommends additional radionuclide studies to better characterize the water quality of 
RFP discharges. The work plan describes current procedures for planning, approving, and 
conducting offsite dischazes of water from the RFP terminal ponds A-5, B-4, and C-2. The 
RDLWP i h u d e s  
operations, current 

c 

procedures for implementing the discharge plan, methods for sueamlining 
treatment approaches and limitations, and plans for future neatability studies. 



EG&G resolved comments from EPA. CDI-I, and other agencies rzgarciin; rhe draft work pian, 
and the final plan w*as submirted in Augusl. A public meeting on rlic RDLVt'P was hcld i:, October 
and the public comment period ended in  Yovember. The RS lo the public conimcnts w;is 
submitted to EPA and CDH in Janua?. 1992. 

Treufubiiify Study Pian 

The f ind  sitewide Treatability Stud!, Work Plan CTSWP) was delivered to the replatory ayencies 
in June. The plan identifies technologies polt.ntially available for use in cozc.ctive/remedia! actions 
for each type of waste/\ixte matrix in sires at the RFP and selects candidate technologies for 
evaluation in a sitewide treatability studies program. lnformation is included on performance, 
applicability, removal efficiencies operarjon and maintenance requirements, and implernenrabiliry 
for the candidate technologies. Tne plan proposes an SOP for 3 treatability study for each 
candidate technology that has not been adequarely eLduated on the bask of existing d m .  

Plutonium in Soils Treatability Studics Work Plans were submitted to EPA and CDH i n  
November. The two work plans included in this documenr address Magnetic Separation and the 
TruClean Process, which are two technologies selected for the treatability studies in the final 
Treatability Study Plan. 

Site -Spe cific Chemical Anal y f e Roster 

RFP negotiated Site-Specific Analytical Rosters (S-SCAR) for organic chemicals on O'Js 1 an2 2. 
Historically, hazardous waste site analytical progams included extensive use of full CLP anaiysis, 
which included analysis of volatile organics. base-neutral and acid extractable orzanics, and 

fate and transport and risk and regulatory analysis considerations to eliminate suites that are eilher 
not present or do not conrribute to the overall site hazard. Ttie S-SCAR process entails a 
media-by-media assessment of individuai sampling locations in conjunction with an evaluation of 
project analytical data requirements. The result is an S-SCAR that is  tailored to project data 
requirements with potenrial economic savings. 

r pesticidePCB organics. S-SCARS are developed usin? existing data, coupled with environmend I 

Polychlorinated Biphenyl contamination 

In January, RFP discovered a potential oil led: i n  the v.:inity of rransfornier ?O?-: on rhe roof of 
Building 707. After discovery of the oil led:. limited sziniples were collected from the nansformer. 
roof, and nearby soils to verify the presence or absence 0;' .UCB contamination. T!ie sample resulrs 
indicated that PCBs were present at all three locations. In :\:arch, a more extensive chmcrekmion 
effort was initiated in relation to the building roof and soils adjacent t o  the drain from the roof. 

Once PCBs were determined to be present as a result of a hisrorical release from the vicinity of 
transformer 707- 1, a corrective action plsn was developed for Building 707, and additional 
investigations were initiated relative to PCB sites. A preliminary search of RFP files, do- Lumen ts, 
and discussions with plant personnel from various departments indicated the possibi1i:y of an 
additional 33 sites. 

PCB soil samplin? resumed in Juiy. The PCB Preliminan, Size Description Plan waxcompleted in 
October and delwered to the regulator!. zgencirs. PCB conrmination identified i n  future 
investigations will be incorporated into the remedial efforis of rhe appropriare OU. 
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Administrafive Record File 

The complete Administrative Record File Index for all OUs and Sitewide Activities was provided 
to EPA and CDH for review and comment i n  November. Microfiche reader/printers were 
delivered to the Rocky Flats Reading Room, Rocky Flats Environmental Monitoring Council, and 
CDH to allow the public an opportunity to review the Adminisnative Record File. 

Protected Area Interim Measure/lnferim Remedial Action Plan 

A preliminary project plan was initiated in late 1991 to guide assembly of an IWIRAP for the 
h t e c t e d  Area (PA). The PA is that area containing the major plutonium processing facilities and 
is subject to a high level of security. A11 or portions of ten OUs are located within the PA for 
which remedial investigations (RI) are planned. RFP is examining the advantages of deferring the 
RI process until such time as the PA is no longer impacted by security concerns. This action 
would provide for berrer coordination of investigative and remedial effort resulting from the 
consolidation of geo,gaphically similar OUs. 

The W R A P  will provide a plan under which contaminant sources, potential migration pathways, 
and potential sensitive receptors for known PA contamination are identified, and alternatives are 
proposed to stabilize or mitigate any immediate human health or environmental risks. The plan 
would assess and interpret current data with respect to potential exposure pathways and potential 
sensitive receptors. The plan would also define ARARs and identify and screen alternatives and 
provide documentation for NEPA compliance. A draft IMARAP will be completed in 1992. 
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5. EXTERNAL GAMMA RADIATION 
DOSE MONlTO RING 

Thermoluminescent dosimeters (TLDs) are used to measure external (Le., the radiation source is 
outside the body) penetrating gamma radiation exposure on and off the RFP site. For a further 
discussion of these concepts, see Appendix A, “Perspective on Radiation,” and Section 6, 
“Radiation Dose Assessment.” This section includes results on onsite, perimeter, and community 
TLD measurements. 

OVERViEw 

Thermoluminescent dosimeters (TLDs) contain a luminescent material that absorbs energy from 
exposures to ionizing radiation. When the TLD is heated later under controlled conditions, the 
energy is released as visible light. This light is measured and can be used to indicate the external 
gamma radiation dose that a person could receive under the same exposure conditions. The 
primary radioactive materials to which the public might be exposed as a result of RFP activities 
emit relatively little penetrating gamma radiation. The most important potential source of radiarion 
dose to the public from RFP activities is the alpha radiation from inhalation or ingestion of 
plutonium, americium, or uranium. Gamma radiation measured with the RFP TLDs is primarily 
from naturally occurring cosmic and primordial sources. 

RFP has 50 TLD monitoring locations with replicate TLDs at each location. Five of these 
locations are within Building 123, the building housing the laboratory in which rhe TLDs are 
prepared and read out. In past annual sire reports, data from only one location in Building 123 
were used. This year, all five of the locations are included in the reponed onsite data. 

During 1991, all TLDs were replaced after an exposure of approximately 4 months. The TLDs are 
placed at 22 locations within the property enclosed by the security fence (including five locations in 
Building 123) (Figure 5-1). Measurements are also made at 16 perimeter locations 2 to 4 mi from 
the center of FSP (Figure 5-2) and in 12 communities located within 30 mi of RFP (Figure 5-3). 
The T L D s  are placed at a height of about 3 ft above ground level. 

During 1983, conversion from a Harshaw TLD system to a Panasonic system was initiated. For 
one complete calendar year, two TLDs of each type were used at each moniroring locarion. 
Beginning in 1984, only Panasonic TLDs have been used. It was determined that a statistically 
significant difference in response exists between the Harshaw environmental monitoring. system 
and the Panasonic environmental monitoring system. To compare 1990 values with the 
Harshaw data reported prior to 1984, it is necessary to multiply the Panasonic results given in 
Table 5-1 by 1.046. 

During 1991, new processing hardware and software were acquired for the Panasonic readers. A 
new multi-tasking, multi-user computer system that allows simultaneous data accumulation from 
several readers, as well as concurrent data processing, was put into service. This advanced system 
uses a new whole body dosimeter badge algorithm and new TLDs. The system, called the 
“VAX/ISA system,” passed rigorous DOE laboratory accreditation testing during the year and was 
recommended for accreditarion. 
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Figure 5-1. 22 TLD Locations Within the Main Facilities Area 
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Figure 5-2. 16 TLD Locations Within a 2- to 4-Mile Radius from RFP 
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Figure 5-3. 12 TLD Locations in Communities Located Within a 30-Mile 
Radius of RFP 
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During the first 4 months of the year, sets of TLDs from both the old and the new system were 
deployed in all of the environmental monitoring locations. A statistically significant difference 
exists between the results from the two systems: the source of th i s  difference is currently under 
review. I t  is likely a result of a combination of factors such as different calibration sources, 
different calibrafion conditjoiis, better element correction factors used in the VAX/ISA system, and 
different reader conditions. To compare the results obtained from the VAX/lSA sysrem to the 
values obtained by the Panasonic system used before 1991, i t  is necessary to multiply the results 
for CY91 by 1.3. 

The Panasonic environmental TLDs normally consisr of two model 802 dosimeters, each of which 
has four elements. (However, during the first 4 months of 1991, only one model 802 dosimeter 
from each system was fielded.) Only one of the elements of each dosimeter is used. This element 
consists of calcium sulfate, thulium drifted (CaS04:Tm), deposited on a polymid surface. The 
phosphor is covered with clear Teflon and backed with an opaque ABS plastic. The TLDs are 
packaged in a small plastic bag, a paper envelope, and another plastic bag to”fJrotect them 
from the weather. Total filtration over the phosphor is 178.5 milligrams per square centimeter 
(mS/cm*). 

The TLDs have been calibrated individually (three times each) against an onsite cesium-137 gamma 
calibration source. Calibratioa linearity studies have confirmed that TLD response is linear for 
exposure levels ranging from 10 mrem to 1,000 mrem. The mean calibration factor for each 
dosimeter is applied to measurements taken with that dosimeter. In addition, quality control 
dosimeters are read with each group of TLDs- to ensure that the variability in the readers is within 
limits. 

The annual dose equivalent for each location category was calculated by determining the average 
millirem per day (mrem/day) for each of the three categories, using data from the three trimesters of 
1991. These values then were multiplied by 365.25 to obtain yearly totals. 

In previous annual reports, the annual measured dose was reported with a 95 percent confidence 
interval on the mean using the standard error of the mean, calculated from the variance of the 
individual measured values. Beginning in 1985, the 95 percent confidence interval on an 
individual observation within each location category, calculated as 1.96 standard deviations, was 
added to the repon. This latter interval may be used for assessing the variability of the individual 
locadon measurements within a location category. 

RESULTS 
4 

The 1991 environmental measurements using TLDs are summarized in Table 5-1. The average 
annual dose equivalents, as measured onsite, in the perimeter environs, and in local communities, 
were 122, 109, and 120 mrem (1.22, 1.09, and 1.20 millisievens [msv]), respectively. These 
values are similar to those reported by the National Council on Radiation Protection and Measure- 
ments (NCRP) for background gamma radiation in the Denver area. The NCRP reponed an 
annual range of 125 - 190 mrem (1.25 - 1.90 mSv) (NA87b). 
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Table 5-1 
Environmental Thermoluminescent Dosimeter Measurements 

Mean Annual 95% Confidence 95% Confidence 
Location Number of Number of Measured Dose Interval on the Interval on an Individual 
Caleaory 1 ocations Measurements (mrem) Mean (mremP Measurement Imrernlb 

Onsite 
Perimeter 
Community 

22 
16 
12 

108 
79  
50 

122 
109 
120 

a. 
b. 

Calculated as 1.96 standard deviations of the mean 
Calculated as 1.96 standard deviations of the individual measurements 

. .  . 

2 4  
22 
2-3 

k 42 
+- 20 
2 23 
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6. ASSESSMENT OF POTENTIAL PLANT 
CON TRlB U TI0 N TO PUBLIC 

RADIATlON DOSE 

ROCKY FLA TS PLANT RA Dl OA CTi VE MA TERIAL S 

Radioactive materials included in estimating radiation dose to the public from RFP activities are 
plutonium, uranium, americium, and mtium. Plutonium and americium in RFP environs are the 
combined result of residual fallout deposition from global atmospheric nuclear weapons testing and 
releases from the plant. Uranium, a naturally occumng element, is indigenous to many parts of 
Colorado and is used in RFP operations in . .LIOUS isotopic ratios. Tritium is both naturally 
occurring and produced artificially and is somei:nes handled in RFF’ operations. 

In the dose assessment performed for CY91, internal exposure to alpha radiation emissions from 
water ingestion of plutonium, uranium, and americium is the primary conmbutor to the projected 
radiation dose. 

The 1991 radiarion dose assessment includes modifications to assumptions used in previous annual 
site environmental reports for potential pathways of exposure to the public. The 1991 assumptions 
are intended to reflect potential exposure conditions more accurately. In previous annual RFP site 
environmental repom, the approach taken for dose assessment was extremeIy conservative, based 
on assumptions for a hypothetical individual that would tend to maximize the resulting dose 
estimate, but which were known to be unrepresentative of actual living habits in the RFP area. 
DOE Order 5400.5 encourages the use of more realistic, but still conservative, approaches to dose 
assessment. The approach documented in this 1991 report is believed to be more realistic than in 
previous reports in reflecting actual residential areas and pathways of exposure in the RFP vicinity. 
However, the 1991 report approach continues to employ conservative assumptions of intake rates, 
exposure duration, and solubility of radioactive contaminants. Adding to the conservatism is the 
lack of Subtraction of background (non-RFP related) conmbutions of radioactive contaminants in 
air and soil concentrations and in water concentrations for radionuclides other than uranium. 

The assumptions made for the water ingestion pathway also continue to be conservative. The 
source of potential water ingestion, Pond C-2 discharges, was chosen to provide an upper bound 
to radioactivity concentrations for water ingestion, although 11 is known that no individual is 
actually using Pond C-2 as a drinking water supply at this location. Throughout 1991, RFP 
surface water was not discharged directlv to any public drinking water supply. A s  data for other 
monitoring locations becorrie avzilable ;n the future, more realistic assumptions regarding this 
pathway may be made. Background subtraction is performed only for uranium concentrations in 
this water source term. Correction for background uranium concentrations in water is made 
because of the large relative connibution to this pathway from naturally occurring uranium. 

Direct ingestion of soil was added to the 1991 exposure scenario. consistent with recommendations 
by the Environmental Protection Agency (EPA) for pe~ormance of risk assessments (EPA89b). 
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Pre vi0 u s pathway a s se s smen t s in  t he E rtr-iiro m i  c it I a 1 Imp u c I SI u c rri c i i r  , R ockj F 1 a s  P 1 u ii r Sir c 
indicate that s\s.imrr,ing and consumption of foodstuffs arc reiativciy insignificm; concibutors to 
public radiation dose (DOE80j. Su*inlrning and fishin_r are limited in  the area, and niosi 1oc:illy 
consumed food is produced 21 considcmble distances from the plant. A paihM*ay analysis revicw 
performed under contrxt to KFP by the Colomcio Stale Gniversity Departnlent o f  Ii;idiolo;ical 
Health Sciences confirmed the relative insignificance of these pathways ('FR92). 

The results of the 1991 assessment of dose to the public from RFP activities iiiciic.ate that the 
radiation dose to the maximally exposed individual in  the public is esrimated to be 0.32 millirem 
(3.2 x 10-3 millisieven) effective dose equivalent. Thc collective popularion dose to a distance of 
80 kilometers (km) (50 miles) is estimated as 1 person-rem (1 x 10-2 person-sieverr [ Sv]). These 
calculated radiation doses are believed to be conservative estimates that would be an upper bound 
for any radiation doses actually received by the public. The greares: contributor (over 79 percentj 
to the estimated dose to th: maximally exposed individual is ingestion of uranium (57 percentj, 
plutonium (14 percent), and americium (8 percent) in water. More specific information regarding 
the 1991 radiation dose assessment follows. 

Radiution Protection Standards for the Public 

Standards for protection of the public from radiation are based on radiation dose, which is a means 
of quantifying the biological effect or risk of ionizing radiation. In the United States, the unit  
commonly used to express radiation dose is the rem or the millirem (1 rem = 1,000 mrem). The 
comparable International Standard (SI) uni; of radiation dose is the sievert (1 sieven [Sv]=lOO 
rem). Radiation protection standards for thc. public are annual standards, based on the projected 
radiation dose from a year's exposure to or intake of radioactive materials. 

national and international radiation protection advisory groups and on radiation protection 
standards set by other federal zgencies. On February 8, 1999, DOE adopted revised radiation 
protection standards for DOE environmental activities (DOE90a). These standards incorporate 
zuidance from the National Council on Radiation Protection and Measurements (NCRP), the 
hternanonal Commission on Radiological Protection ( ICPj .  and thc EPA Clean Air Act Kanond 
Emission Standards for Hazardous Air Poliutants (CAA NESHAP), as implemented in 30 CFR 
61. Subput H (EPA85). Effective December 15, 1989, EP.4 revised NESHAP standards for 
airborne emissions of radionuclides from DOE faciliries (EPA89a). These ne\<' NESHAP 
srandzirds apply to air emissions from RFP in 1991 and =e incorporated into the revised DOE 
standards. 

Radiation protection standards applicable to DOE facilities are based on recommendations of t. 

Table 6-6 and Appendix B, Table B-1, summarize the revised DOE radiation protection sundxds 
for the public as estsblished in 1990. The revised NESHAP slandxds of December 15, 1989, are 
included. 
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Radiation Dose 

In this 1991 dose assessment, radiation dose is calculated by multiplying radiortctiviry concentra- 
tions in air, water, and soil by assumed intake rates (for internal exposures) or exposure times (for 
external exposure to penetrating radiation). These products then are multiplied by the appropriate 
radiation dose conversion factors as follows: 

Radiation Dose = 
(Radioactivity Concentration) X 
(Intake Rate or Exposure Time) X 
(Radiation Dose Conversion Factor) 

In calculating radiation dose equivalcnr, differences in  the biological effect of different types of 
ionizing radiation (e.€., alpha, beta, gamma rays, or X-rays) are accounted for in the dose 
conversion factor. Radiation energy absorbed i n  the tissue of interest first is calculated and then 
multiplied by a modification factor based on the type and energy of the ionizing radiation involved. 
One millirem of dose equivalent from alpha radiation would have the same biological effectiveness 
on a particular organ as one millirem of dose equivalent from gamma radiation. Dose equivalent 
can be calculated for the whole body when there is uniform irradiation of all tissues, or for 
individual organs as might be done when selected tissues are irradiated non-uniformly. 

In 1985, DOE adopted radiation protection standards for the public based on the concept of 
eflecn've dose equivdent (EDE). The December 15, 1989, EPA NESHAP standards also 
incorporate EDE as the basis for radiation protection for the public from airborne emissions of 
radioactivity: Previously, whole body dose equivalent and individual organ dose equivalent, as 
described above, were used for this purpose. The following. dose assessment for 1991 uses EDE 
as the basis for radiation protection of the public, but it includes some individual organ dose 
equivalents for comparison with previous RFP annual reports. 

EDE is a means of calculating radiation dose that allows comparisons of the total health risk of 
cancer mortality and serious genetic effects from exposures of different types of ionizing radiation 
to different body organs. EDE is calculated by determining first the dose equivalent to those 
organs receiving significant exposures, multiplying each organ dose equivalent by a health risk 
weighting factor, and summing those products. The health risk weighting factors used in the 
calculation of EDE normdize the risk against a whole body radiation dose. Therefore, the health 
risk (from cancer mortality and genetic damage) that i s  associated with 1 mrem of EDE is 
comparable to the risk associated with 1 mrem of whole bcdy dose equivalent. Likewise, 1 mrem 
of EDE from natural background radiation would have the same health risk as 1 mrem of EDE 
from artificially produced sources of radiation, regardless of which organ(s) receive the dose. 

Radioactivity Concentration 

Radioactivity concentrations or source terms used in calculating dose can be determined from actual 
samples and measurements in the environment taken at the Iocations of interest. Alternatively, for 
airborne releases, these concentrations can be calculated by modeling the atmospheric dispersion of 
air emissions from buildings and contaminated land areas. 

In the following dose assessment, actual environmental measurements near locations of interest are 
used to determine compliance with the DOE radiation standard for all pathways. These measure- 
ments are used to calculate annua' average concentrations of radioactive materials in air and soil at 
the 

. 

boundary and for the wz - pathway at the Pond C-3 discharge point. 
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As required in federal regulation 40 CFR 61, an EPA-approved coinpuler code is used 10 determine 
compliance with CAA NESHAP rrldionuclide emissions standards for the 2ir ~ : ? h ~ * ; ! y  only. The 
EPA-approved code. AIRDOS-PC, includes air dispersion modeling of measured air emissions 
from buildings and contaminated land areas, as well as dose conversion fdcrors for calculating final 
radiation dose. 

Intake Rate or Exposure Time 

Intake rates of radioactive materials used to represent air inhalation and water ingestion for 1 yr are 
prescribed by the DOE (DOE%b, DOE90a). The rates for air and water are based on recornmen&- 
tions of the ICRP (IN75). The breathing and water ingestion rates for 1 yr are 8,400 cubic meters 
(m3) and 730 liters (I), respectively. The EPA provides recommendations for soil ingestion rates 
i$Risk Assessment Guidance for Superfund, Volume I ,  Human Health Eva1ua:ioti Manual (Part 
A)  (EPA89b). The EPA guidance for direct ingestion of soil by an adult is 100 milligrams per day 
(mgday). Exposure times for external penetrating radiation are assunied to be 1 yr, as prescribed 
by DOE (DOE 90a). 

Radiation Dose Con version Focfors 

Radiation dose conversion factors used for determining compliance with DOE standards for all 
pathways are prescribed by DOE (DOEWa, DOE88b, DOE90a). Dose conversion factors for 
internal exposures are based on recommendations of the ICRP (IN79). Dose conversion factors 
for external exposures to penetrating radiation are based on a methodology developed at Oak Ridge 
National Laboratory (ORhZ) (K081, K083), with modifications by the original author (DOE88aj. 

The plutonium handled at RFP is a mixture of plutonium isotopes having different atomic masses 
and may include americium-241 in the mixture. Relative abundances of plutonium and americium 
isotopes in plutonium typically used at RFP (Table 6-1) were used to calculate composite dose 
conversion factors for plutonium and americium in air and for pluronium in water and soil. The 
relative abundances used in developing the composite dose conversion factors were based on the 
isotopic activity fractions of plutonium-239 and -240, since these are the isotopes measured in 
environmental monitoring sample analyses. Fractions of ingested radionuclides absorbed from the 
gastrointestinal tract and lung clearance classes for inhaled rxiionucliaes were chosen to maximize 
the associated internal dose conversion factors and the resulting radiation dose. Each internal dose 
conversion factor is for a 50-yr dose commitment from 1 >T of chronic exposure. That is. the dose 
that an individual could receive for 50 yrs following 1-yr's chronic inxke of radioacrive material is 
calculated. The dose conversion factors used in this assessment are listed i n  Table 6-2. These 
dose conversion factors incorporate the intake rates and exposure times discussed above. 

-. . . . -  
. .  . -  . ^  . . . 
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Table 6-1 
lsoropic Composition of Plutonium Used at the RFP 

Relative Weight Specific Activity Relative Activity8 Fraction of Pu Fraction of Pu-239, 
(Cila) AIDha Activityb -240 Activityc lsotcpe (Percent) (W 

Pu-238 0.01 17.1 0.00171 0.0233 0.0239 
Pu-239 93.79 0.0622 0.05834 0.7962 0.8153 
Pu-240 5.80 0.228 0.01322 0.1894 0.1847 
Pu-241 0.36 103.5' 0.37260' 5.085' 5.207 
Pu-242 0.03 0.00393 1.18 x 1@6 1.61 x10-5 1.65 x 105 
Am-241 0.20d 0.205 

Beta Activity 

a 
b. 
c. 
d. 

Obtained by multiplying the relative weight percent by the specific activity. 
Obtained by dividing the rehfive activity by the sum of the relative activities lor the plutonium alpha emitters. 
Obtained by dividing the relative activity by the sum of the relative activities of Pu-239 and Pu-240. 
The value for Am-241 is taken to be 20 percent of the plutonium alpha activity. 

.. 

. -  

.. 
. . . . .  - 

. .  
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Table 6-2 
Dose Conversion Factors Used In Dose Assessmenr Calculations 

for the RFP in 1991 

IN HA L A T l  ON 

Oraan Pu-239. -244 

Liver 2.22 x 1013 
Bone Surfaces 1.04 x 1014 
Lung 1.08 x 1013 

Effective Dose Equivalent 5.71 x 1012 

SOIL INGESTION 

Oraan pu-239. -240  Am-241  

_ -  
Effective Dose Equivalent 1.77 x 10-4 1.64 x 104 
Liver 6.58 x l@4 6.21 x 10-4 
Bone Surfaces 3.21 x 10-3 2.96 x 103 
Lung (f) (f) 

WATER INGESTION r m  M l l l i l i t ~  w 
Mic rocu r i e  

Oraan pu -239 . - 240  A m - 2 4 1  U -233 . - 234  u-238 

Ef fedve  Dose Equivalent 3.53 x 106 3.29 x 106 1.90 x 105 1.70 x 105 

Bone Surfaces 6.42 x 107 5.91 x lo7 2.99 x 106 2.70 x 106 
(e) (e) Liver 1.32 x 107 1.24 x 107 

Lung (f) (f) (f) (f) 

GROUND-PLANE IRRADIATION f Squa re  M e y d  
Mic rocu r i e  

O r a a n  pu -239 . - 240  Am-241  

Effective Dose Equivalent 4.80 x 10-5 2.99 x 10-3 
Liver 4.53 x 106 1.78 x 103 
Bone Surfaces 1.62 x lG-5 3.69 x 103 
Lung 9.78 x 104 2.01 x 10-3 

a Inhalation. water. and soil ingestion dose conversion factors were adapted from DOEEH-0071 (USaSb) and are for a 50-y dose 
commitment period and a 1-micrometer (pn) activity median aerodynamic diameter (AMAD) particle size. Gastrointestinal (GI). 
absorpli00 fradiom and lung dearance classes were chosen to maximize the dose conversion factors. 
An inhalalion rate of 2.66 x 102 milliliters per second (mk) for 1 yr was assumed and incorporated into the dose convenion factor. 
A water intake rate of 2 x 103 ml(2.1 quarts) per day for 1 yr was assumed. 
Ground-phne irradiation dose conversion factors were adapted from IX)VEH-0070 (US&). For Pu-239 and 
-240. the higher of the fadors for the two isotopes was used. A l-yr exposure period was assumed. 
The liver receives no significant dose from this pathway. 
The lung receives no significant dose from this pathway. 
A soil ingestion rate of 100 milligrams per day for 1 yr was assumed and incorporated into the dose conversion factor. 

b. 
c. 
d. 

e. 
1. 
g. 
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The EPA-approved computer code AIRDOS-PC, used to determine compliance with the CAA 
NESHAP standard for the air pathway, incorporates EPA’s own approved dose conversion 
factors. Measured plutonium emissions were modeled for the isoropes plutonium-238 and 
plutonium-239, -240. Specific analyses for plutonium-241 and -242 are not performed on 
environmental samples, but these isotopes would be relatively insignificant contributors to total 
dose. Plutonium-241 emits primariIy beta radiation with a very small internal dose conversion 
factor, plutonium-242 emirs pzimm’ly alpha radiation, bur js a small component of the total 
plutonium activiry mix (Table 6-1). The AIRDOS-PC default values for lung clearance class and 
gastrointestinal uptake hction were used when running this code. 

Maximum Plant Boundary Dose 

Dose assessment for 1991 was conducted for several locations: the RFP property boundary and 
sites to a distance of 80 km (50 mi). DOE Order 5400.5 (DOE90a) requires that doses calculated 
for demonstration of compliance with appIicable standards “...be as realistic as practicable. 
Consequently, all factors germane to dose determination should be applied. Alternatively, if 
available data are not sufficient to evaluate these factors or if they are roo costly to determine, the 
assumed paramemc values shall be sufficiently conservative so that it is unlikely that individuaIs 
would actually receive a dose that would exceed the dose caIcuIated using the values assumed.” 

In previous annual RFP site environmental reports the approach taken for dose assessment was 
extremely conservative, based on assumptions for a hypothetical individual that would tend to 
maximize the resulting dose estimate; however, these assumptions were known to be unrepresenta- 
tive of actual living habits in the RFP area. For example, it was assumed that the hypothetical 
member of the public was residing continuously during the year at the RFP boundary at the 
location for which the highest average plutonium in air concenmtion was measured for the year. 
The location might change from year to year, depending upon where that maximum concennation 
was measured. The maximum plutonium and americium soil concentrations measured near the 
RFP boundary were used in calculating potential exposure from contaminated soil, even though no 
individual actually lived near the location for those maxima. 

In this 1991 report, more realistic, but sti11 conservative, assumptions are made for dose assess- 
ment in conformance with the DOE Order 5400.5 guidance. Environmental monitoring data are 
used from sample locations nearer areas of actual residence. The nearest housing to RFP is located 
near the southeast boundary of the plant. Sampling locations were chosen that are near that 
boundary, but generaIIy upwind or up-pdient of existing housing and between the housing and 
RFP processing facilities. Following is a description of the radionuclide concentrations (source 
terms) used for calculating the maximum radiation dose to the public for all pathways and the 
results of that calculation. 

_ -  

The soil ingestion source terms and the ground-plane source terms of penetrating radiation 
exposure from contaminated soil areas are based on measured concentrations of PhItOnlUM in soil 
and an assumed ratio of 0.20 for the americium-241 to plutonium-239, -240 activity. Inhalation 
source terms for the 1991 dose assessment were based on plutonium-239, -240 concentrations 
measured in ambient air samples. Although it is known that some of this plutonium in soil and air 
is from residual fallout from past global atmospheric weapons testing, for the purposes of this dose 
assessment it was conservatively assumed that all plutonium originated from REP. 
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The maximum site bounduy dose assessment assumes that an individual is present continuously at 
the RFP perimeter. This assumption of an individual residin: conrinuously at the plant boundary 
is used to provide a conservative upper bound on any rddiarion dose to the public that might 
originate from RFP. 

The plutonium inhalation source term of 1 x 10-18 pCi/ml (3.7 x 10-8 Bq/m3) was the annual 
average concentration of plutonium-239 and -240, as measured at the S-38 10~3tiOn in the perimeter 
ambient air sampling network. The S-38 location is the closest plant perimeter air sampling 
location upwind of hoilsing located nearest to the plant in the southeast direction. This housing is 
near the RFP boundary. 

The water supply for a hypothetical individual at the RFP boundary was assumed to be Pond C-2, 
which receives surface water run-off and, potentially, some seepage of contaminated alluvial 
moundwater from RFP. Pond C-2 is intermittently discharged offsite. It should be noted that the 
assumption that someone may drink this water is extremely conservative, leading ra an overesti- 
mate of dose to the individual. No individual uses Pond C-2 water effluent at its discharge point as 
a finished drinking water supply, and during 1991 no surface water effluent from RFP went 
directly to any drinking water supply. Plant surface water effluents were diverted_ around Great 
Western Reservoir and Standley Lake during 1991. Following diversion, these waters flowed 
from Walnut Creek to Big Dry Creek and subsequently to the South Platte River. The RFP 
contribution to total flow in the South Platte River would be less than approximateiy 0.2 percent 
based on South Platte River flow, as measured at the Henderson, Colorado, gaging station during 
water year 1991 (October 1990 - September 1991) (UG92). 

Municipal water supplies near RFP do not serve residences nearest the plant. For these residences, 
drinking water is likely from well water or bottled water sources. Currently, it is believed that no 
offsite drinking water wells have been contaminated with radioactive materials as a resuit of RFP 
activities. Extensive characterization of background radioactivity concentrations in groundwater 
and the hydrogeology of RFP are in progress to verify this belief. 

During 1991, plutonium concentrations in Pond C-2 averaged 1.3 x 10-11 pCi/mi (4.8 x 10-4 
BqA). Average americium concentration was 8.0 x 10-12 @/mi (3.0 x 10-4 Bqh). These 
concentrations were used as the water ingestion source term for the maximum individual dose 
assessment. Uranium-233, -234 average concentration in Pond C-2 was 8.5 x 10-10 pWm1 (3.1 
x 10-2 BqA) and the average concentration of uranium-238 in Pond C-2 was 1.0 x 10-9 pWml(3.7 
x 10-2 BqA). The average concentrations of uranium-223, -234 and uranium-238 in incoming 
raw water were 4.4 x 10-10 pCi/ml (1.6 x 10-2 Bq/l) and 3.7 x 10-10 pCi/ml (1.4 x 10-2 Bq/l), 
respectively. The source terms used for uranium ingestion were the difference between the Pond C- 
2 and raw waterconcenuations for each of the two uranium isotope categories: 3.1 x 10-10 pCVmI 
(1.5 x 10-2 Bq/l) for uranium-233, -233 and 6.3 x 10-10 pCi/ml (2.3 x 10-2 BqA) for uranium-238. 
The average mtium concentration in Pond C-2 was 8.1 x 10-8 pCi/ml (3.0 Bq/l). Tritium is a 
relatively insignificant conmbutor to dose at such low concentrations because the radiation it emits 
is a very low energy beta radiation that has a relatively small dose conversion factor. 

A potential exposure pathway added to the RFP radiation dose assessment for 1991 is direct 
ingestior. of contaminated soil. Inclusion of this pathway is consistent with approaches to risk 
assessment suggested by the EPA in Risk Assessment Guiaiznce for Superfund, Volume I ,  Human 
Health Evaluation hllanual (Pan A)  (EPA89b). An intake rate of 100 mg/day is assumed for this 
pathway. The plutonium-239, -240 in soil concentration from onsite sampling location 2-126 was 
taken as conservatively representative of soil for residences nearest RFP. Americium-241 was 
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calculated to be 20 percent of the plutonium-239, -240 concentration, based on the maximum 
ingrowth of americium-24 1 from plutonium-24 1 in r!-pical RFP wexpons-grade plutonium 
(DOE80). The 1991 measured pluronium-239, -240 concentration in  soil at the 2-126 location is 
0.25 pCi!g (9.3 X 10-3 Bq/g) (see Figure 3.5-1 and Table 3.5-1). The calculated americium-241 
concent-xion is 0.05 pCi/g (1.9 X 10-3 Bq/g). 

Ground-plane irradiation by external penerating radiarion from contaminated soil areas also is 
included 3s a potential pathway of exposure, althouch it  is a relatively small contributor to dose. 
External penetrating radiation associated with ra&oactive materials of importance at RFP is 
c generally of low energy and intensity. The ground-plane irradiation source term used for this 
assessment is again based on the plutonium concentration in  soil measured at the onsite 2-126 
Imstion and an assumed soil density of 1 gram per cubic centimeter (gcm-?), and a sampling depth 
of 5 cm used to determine areal concentration. The plutonium-239, -240 areal source term is I .3 x 
10-2 pCilm2 (4.6 x 102 Bq/m2). The americium source term is estimated at 2.5 x 10-3 pCi/m2 (9.3 
x 101 Bq/m2). 

Table 6-3 summarizes the radionuclide concentrations used for calculating the estimate of 
maximum radiation dose IO an individual member of the public from a11 the identified potential 
pathways of exposure. From these concentrations and dose conversion factors given in-Table 6-2, 
a 50-4" dose commitment of 3.2 x 10-1 mrem (3.2 x 10-3 mSv) is calculated as the EDE from all 
pathways. The bone surfaces receive the highest calculated individual organ dose (Table 6-4). The 
bone surfaces dose is 5.3 mrem (5.3 x 10-2 mSv). The DOE radiation protection standard for 
members of the public for all pathways and for prolonged periods of exposure is 100 mrem/yr (1 
mSv/yr) EDE. The maximum site boundary dose i n  1991 represents 0.32 percent of the standard 
for all pathways for EDE. 

Table 6-3 
Radioactivity Concentrations Used in Maximum Site Boundary Dose Calculations 

for AN Pathways for 1991 

Air Soil Surface Deposition W a t e r  
(pCilrnl) ( P W )  (pCiIm2) (FCi/ml) 

Pu-239.-240 Pu-239.-240 Am-241 Pu-239.-240 Am-241 Pu-239.-240 Am-241 U-233f-234 u-238 
1 . 3 ~  10-16 2.5 x 101 5.0 x 10-2 1.3 x 10-2 2.5~ 103 1.3 x 10-11 8.0 x 1Q12 4.1 X 10-'0 6.3 

Table 6-4 
50- Year Committed Dose Equivalent from 1 Year of Chronic Intake/Exposure 

from the RFP in 1991 

Lung Effective Dose Equivalent Liver Bone Surfaces 
l ocat ion  [rnrem) (mrern) Lmrem) fInum 

Maximum Site Boundary 3.2 x 10-1 4.9 x 10-1 5.3 1.6 x 10-2 



Radiotion Dose from Air Paihwuy Only 

EPA-approved methodology (EPA893) is used to demonsrrdte compliance with CAA NESHAP 
standards for airborne radioactivity emissions. A s  of December 15, 1989, the EPA-approved 
standard is based OR meteorological/dose modeling of air emissions using the AIRDOS-PC or 
CAP-88 computer codes. Table 6-5 lists the 1991 radioactivity air emissions used as input to the 
AIRDOS-PC computer code. These emissions include building air effluent release values for the 
year as discussed in Section 3.2 and an estimate of resuspension from soil from the 903 Pad area 
(OU 2). The estimated soi1 resuspension is included for comparison to the 1989 and 1990 RFP 
site environmental reports and for use in calculating collective population dose. 

Table 6-5 
Radionuclide Air Emissions for lnplrf to 

AIRDOS-PC Computer Code 
1 9 9 1  

J? adio n u c I idefs, Air Emission Activitv 1Ci) 

Measured Building Emissions: 

H-3 
Pu-238 
Pu-239, -240 
u-233, -234 
U-238 
Am-241 

Estimated Soil Resuspension: 

Pu-241 
Pu-239. -240 

Pu-238 
Am-241 

4.76 x 10% 
2.96 X lo8  
8.43 x 10-7 
6.29 x 107 
1.00 x 1 0 6  
1.50 x 10-7 

1.0 x 1 0 3  
2.0 x 10.4 

4.8 x 10-6 

4.1 x 105  

The RFP annual site environmental reports for 1989 and 1990 included an estimate of 903 Pad area 
soil resuspension that was developed in the RFP Environmental Impact Statement (EIS), published 
in 1980 (DOE80). More recent field studies completed by RFP indicate that the EIS-estimated soil 
resuspension rate is likely to be considerably higher than is actually occurring, leading to a gready 
conservative overestimate of radiation dose to the pubiic using the EIS values. The soil resuspens- 
ion source term used in the 1991 radiation dose assessment and listed in Table 6-5 is based on the 
more recent RFP field studies and is considered a more realistic estimate of resuspension (LA91). 

- Meteorological input data for 1991, which was reformatted as required for input to the AIRDOS- 
PC calculations, is given in Tables C1 through C7, Appendix C. AIRDOS-PC default values for 
lung clearance class and gastrointestinal uptake fractions were used when running the code. The 
ARDOS-PC default assumption of a 1-pm activity median aerodynamic diameter (AMAD) p d c l e  
size also was used. 
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The AIKDOS-PC cornpure: cod:: cLiIculared an EDE from measured building a i i  emissions of 4.4 x 
1 0 - 5  mrcm (3.3 x 10-7 mS\*)  to the maximally exposed individud residing approximatel\* 2.45 
miles from the plant emissions points. The EDE from esrim:Ircd soil resuspension was calculared 
8s 9.3 >; lo-? mrsm (9.3 x 1 0 - 5  mS\r) 10 the masinxilly e sposc l  individu:tl residing ;tppr,):iirna~!ly 
2.1 miles fiom the 903 Pad are;?. 

Collecfive Population Dose 

DOE Order 5400.5, promulgated Febru ;q  S, 1990, requires the assessment of coilecrive 
population radiation dose to a distance of SO krii (50 mi )  from ihe center of a DOE facility 
(DOE90a). Thc assessment of maximum communiry dose (Le., maximum dose to an individual in 
a neighborins community) that MYLS presented in W P  annual site reports prior to 1990 is no longer 
included in the DC)E approach to radiation dose assessment. 

Collective population dose is calculaLed as h e  average radiation dose SO an individual in a specified 
area, mulriplied by the number of individuals in  that area. In  assessing the 1991 collective 
population dose to the pu5lic within 3 radius of 50 mi of RFP, the assessment was limited to 
airborne emissions of radioactive materi 31s from the plrtnr as the major contriburor to population 
dose. Only two public raw water supplies, Gre:ir Western Reservoir and Standley Lake. can 
receive water direclly from drainages crossing W P ,  and all surcxe water effluent from RFP “as 
diverted around these warei supplies during 199 1. Soil contzmination decreases rapidly with 
distance from the WP. In addition, most residential areas within this radius are likely to have new 
topsoil, sod, or otherwise modified soil conditions: agricultural areas would represent a reiatively 
small population. 

Population estimates provided by the Denver Regional Council of Governments (DRCOG), the 
State of Colorado, and some local municipalities near RFP were used to determine the 1991 
population residing within 50 mi of RFP. An area defined by a circle of 50-mi radius around the 
center of RFP was further divided into 16 equal sectors, with segments formed by the intersection 
of the sectors and a total of 10 radial distances of 1, 2, 3, 4, 5, 10, 20, 30, 40, and SO mi (see 
Figure 6-1). The popuirrtion within each segment for 1991 was based on 1990 U. S. census data 
and growth projections furnished by DRCOG, the State of Colorado, and local municipalities. In 
addition, for se_pents bithi2 2 10-mi radius, segment popularions were determined using the 1989 
Population, Economic, and Land Use Database for  Rocky Flats Plant (DOE90e) to modify 
population dismbutions. Tnis U’BS necessary because even the census tract data of DRCOG lacked 
rhe necessary spatial reso!ution of rtrsonable segment population estimares at distances near to 
RFP. 

~ 

The esrimares of 1991 segment popularions are riven in Figure 6-1. Because the census-based 
estimates are for political jurisdictions thar do nor correspond to the geographical boundaries of the 
segmenrs, rh:: population estimates of Figure 6- 1 should be considered approximations only. Total 
population for the area within a r,.dius of 50 mi for 1991 was estimated as 2.1 million people. 
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These population estimates were calculated 
from 1990 census tract data adjusted for yearly 
change through 1991. assuming uniform 
population distribution throughout each section. 

Figure 6-1. Demographic Estimates for Areas 0 - 10 and 10 - 50 Miles 
from the RFP, 1991 
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The EPA atmospheric dispersion/radiation dosc caIculation computer code, AIRDOS-PC, was 
used to calculate the average radiation dose to an individual within each population segment. 
AIRDOS-PC is the same computer code that is used by RFP to demonstrate compliance with CAA 
NESHAPs requirements, as promulgated at 40 CFR 61, Subpart I4 (EPA89a). Meteorological 
dam that were collected for RFP during 1991, as well as measured building air effluent radioactivi- 
ty data and estimates of soil resuspension radioactivity, "ere used as i n p u t  to the AIRDOS-PC 
code. EDEs were calculated by AIRDOS-PC to the midpoint of each segment's radial distance. 
These EDEs were used as estimates of the average radiation dose to an individual residing within 
the segment. 

Multiplying the population (number of persons) within a segment by the average individual dose 
(in rem or sievens, 1 S v  = 100 rem) within the segment, results in a calculated collective popula- 
tion dose for each segment in  units of person-rem (or person-Sv). The total person-rem for all 
segments is the collective population dose for a distance of 50 mi around RFP, as presented in 
Table 6-6 for 1991. The collective population dose within 50 mi of RFP was calculated as 0.9 
person-rem (0.9 x 10-2 person-Sv). By far the majority of this collective population dose results 
from estimated contaminated soil resuspension from the 903 Pad area of RFP. A very small 
contribution (5 x 10-3 person-rem [5 x 10-5 person-Sv]) is attributable to measured building air 
emissions for 1991. 

Natural Background Radiation Dose 

EDEs from RFP may be compared to an average annual EDE for the Denver area of about 350 
mrem (3.5 mSv) from narural background radiation (XA87b) (Table 6-7). Natural background 
radiation for Denver is higher than shown for the total body in RFP annual repons prior to 1985 
and also higher than shown for EDE in the 1985 and 1986 annual reports. The level reflects the 
most recent assessment of natural background radiation exposure of the population of the United 
States by the National Council on Radiation Protecrion and Measurements (NCRP). It includes 
thesignificant contribution to EDE from inhaled indoor radon, as well as the adoption of the ICRP 
30 methodology of radiation dosimeay. Cosmic radiation and external primordial nuclides sources 
shown in Table 6-7 reflect the regional dose levels for the Denver area from Denver's higher 
elevation and greater concentration of naturally occurring uranium and thorium in soil. The internal 
primordial nuclides source includes the average dose from indoor radon estimated by the NCRP 
for the entire United States. Investigations are now being conducted to determine whether any 
regional differences in indoor radon doses exist. Once these studies are completed and published, 
the estimates of natural backsound radiation dose for the Denver area may be modified to reflect 
indoor radon doses specific to this region. 

- 
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Table 6-6 
7997 Calculated Radiation Dose lo the Public 

from 7 Year of Chronic InfakeExposure from ?he RFP 

MAXIMUM INDIVIDUAL DOSE: 

All Pathwaysa 
Measured building air emissionsb 
Estimated soil resuspensionc 

3.2 x 10-1 mrem (3.2 x 10-3 mSv) Effective Dose Equivalent (EDE) 
4.4 x 1 0 5  mrem (4.4 x 10-7 mSv) EDE 
9.3 x 10-3 mrem (9.3 x 10-5mSv) EDE 

COLLECTIVE POPULATION DOSE 
TO 80 km (50 mi): 

Measured building air emissionsb 
Estimated soil resuspensionc 
Total 

5 x 10-3 person-rem (5 x 1 0 5  person-Sv) EDE 
0.9 person-rem (0.9 x 10.2 person-Sv) EDE 
0.9 person-rem (0.9 x 10-2 person-Sv) EDE 

ESTIMATED TOTAL POPULATION 
WITHIN 80 km (50 mi)$ 2.1 x 106 persons 

DOE RADlATlON PROTECTION 
STANDARDS FOR THE PUBLIC:e 

All Pathways' 

Air Pathway onlys 

ESTIMATED ANNUAL NATURAL 
BACKGROUND INDIVIDUAL 
RADIATION DOSE FOR THE DENVER 
M ETR 0 P 0 LlTA N AREA : 

ESTIMATED ANNUAL NATURAL 
BACKGROUND COLLECTIVE 
POPULATION DOSE WITHIN 
80 km (50 mi): 

a. 
b. 

d. 
C. 

e. 

f. 

100 mrem (1 mSv) EDE, normal operations 
500 mrem (5 mSv) EDE. temporary increase (only with prior 

10 rnrem (1 x 10-1 mSv) EDE 
approval of DOE EH-2) 

.. 

350 mrem (3.5 mSv) ED€ 

7 x 105 person-rem (7 x 103 person-Sv) EDE 

Calculated using environmental mondoring input data. 
Calculated using AIRDOS-PC modeling of measured building air emissions. 
Calculated using AIRDOS-PC modeling of estimered soil restspension from the 903 Pad area. 
Based on estimates from information provided by the State of Colorado, the Denver Regional Council of 
Governments. and local municipalities. 
From DOE Order 5400.5. Excludes medical sources. consumer products, residual fallout from- past nuclear 
accidents and weapons tests, and naturally occurring radiation sources (DOE9Oa)l 
Based on recommendations of the International Commission on Radiological Protection (ICRP) and the National 
Council on Radiation Protection and Measurements (NCRP). 
Based on €PA Clean Air Act National Emission Standards for Hazardous Air Pollutants. 

.. 
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Table 6-7 
Estimated Annual Natural Background Radiation Dose for the 

Denver Metropolitan Area (NA87b) 

S o u r c e  

Cosmic Radiation= 
Cosmogenic Nuclides 
Primordial Nuclides-Externalb 
Primordial Nuclides-lnternalc 

Effective Dose Equivalent 
[rnrern) 

50 
1 

E3 
239 

Total for One Year (rounded) 353 

a. 

b. 

Includes regional increase over U.S. average as a result of the greater elevation of the Denver area. 

Includes regional increase over US. average as a result of the higher concentrations of uranium and thorium in 
soil in the Denver area. 

C. Includes U.S. average indoor radon dose contribution. This value likely will increase when regional indoor radon 
differences for the Denver area are determined. 
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7. QUALITY ASSURANCE AND 
QUALITY CONTROL 

Quality Assurance and Quality Control plans have been developed for three primary areas: 
Environmental Management, the Radiological Health Laboratory, and the General Laboratory. 
Independent and internd audits of these programs ensure that quality assurance and quality control 
elements exist for a comprehensive environmental program. This section describes these programs 
in detail. 

QUALITY ASSURANCE REQUIREMENTS 

Quality Assurance (QA) requirements that are applicable to environmental management activities at 
the RFP include those established by the DOE, RFP, and EPA. DOE Order 5400.1, General 
Environmental Protection Program, has established QA requirements that apply to all DOE 
environmental monitoring and surveillance pro,ms. The Rocky Fiats QwIiry Assurance Manual 
(RF QAM) consists of 22 quality requirements that are potentially applicable to all RFP pro,grams, 
including environmental management programs. Both DOE Order 5400.1 and the RF QAM 
include, by reference, the QA requirements of DOE Order 5700.6B, Quality Qssurance. DOE 
Order 5700.6B endorses the 18 QA criteria and supplemental requirements of the American Sociery 
of Mechanical Engineers NQA-1, Qualiry Assurance for Nuclear Facilities. The RFP ZAG requires 
DOE to prepare and implement a Quality Assurance Project Plan for the environmental restomion 
program activities specified in the IAG that incorporates the 16 quality elements of EPA 
QAMS/005/80, Interim Guide Iines and Specifications for Preparing QuaIiry Assurance Projecr 
Plans. 

ENVIRONMENTAL MANAGEMENT QA PROGRAM 

The Environmental Management (EM) Department initiated development of a Comprehensive QA 
Program for environmental management activities in 1990. The EM QA Program that has been 
developed identifies the QA requirements that apply to EM programs and projects and establishes 
methods, controls, and responsibilities for meeting those requirements. The EM QA program 
integrates quality requirements established by DOE, RFP, and the EPA. Previously, QA 
requirements and responsibilities set forth in the RFP Non-Weapons Quality Assurance Plan were 
applicable to EM programs. 

The current EM QA Pr0,garn consists of (1) the Quality Assurance Plan Description (QAPD), (2) 
the RFP Site-Wide Quality Assurance Project Plan (QAPjP) for CERCLA Remedial Investigations/ 
Feasibility Studies and RCRA Facility Investiga~ons/Corrective Measures Studies Activities, and 
(3) EM Administrative and Operating Procedures. The requirements, methods, controls, and 
responsibilities established in the QAPD apply to all EM prowgrams and projects, whereas those 
established in the QAPjP apply only to RFP environmental restoration program activities that are 
required by the IAG (the QAPjP was prepared in addition to the QAPD because it is a deliverable 
specified in the 1AG)- The EM administrative procedures provide administrative controls and 
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directior: for the performance of a program, project, or activity. The EM :;Ferating procedures 
provide controls and direction for performance of routine operaions and for the collectjon and 
analysis of environmental samples, which gener::te environmental measurement data. These 
procedures includc the Srandsrd Operating Procedures that  are developed IO implement the 
environmental rworation program and are submitted to the EPA and Colorado Department of 
Health (CDH) for review and approval, which together with the QAPjP comprise the sampling and 
analysis plan for the RFP environmental restoration program. 

The QAPjP was approved by the EPA and CDH in June 199 1. The first draft of the QAPD was 
revised significantly during 1991 based on review and guidance from the EG&G Rocky Flats 
Qualiry Assurance Organization. The revised QAPD received concurrence from the Assistant 
General Managers of the Environmentd Br Waste Management and the Quality Assurance Organiza- 
tions in December 1991; it w s  approved on January 23, 1992. 

Tht QAPjP is supplemented by QA Addenda (QAA) that are prepared for each environmental 
restoration program work plan. QAAs specify any additional quality requirements, quality 
controls, and methods that are specific to the work activities addressed by the respective work 
plan. QAAs also address project-specific data qcality objecrives and reference applicable operating 
procedures. During 1991, 15 QAAs were submjrred to EPA and CDH for review. Seven of those 
15 have been approved, and the others are in the review and/or comment response stage. Three 
additional QAAs for treatability studies were prepared and approved by project managers. 

As a result of developing the EM QA Program, the potential need for preparing and implementing 
66 administrative procedures and 1 19 operating procedures has been recognized. During 199 1,lO 
of the administrative procedures were approved and 30 others were drafted and are in various 
stages of review. Of the I 19 proposed operating procedures, 85 were approved during 1991 and 
29 others were drafted and are in various stages of review. The EM administrative procedures (3- 
21000-ADM and 1-21000-ERM) and operating procedures (5-21 000-OPS) that have been pro- 
posed, drafted. and approved. 

Qualify Assurance lmplemen faiion Verification 

Implementation of QA Program requirements, conuols, and methods is verified by conducting 
internal readiness reviews, surveillances, and oversight inspections of EM program and project 
work activities, Internal QA verification activities are performed by EM or contractor personnel 
who are independent of the work activities being conducted, In addition to these internal verifica- 
tion activities, the EG&G Rocky Flats Quality Assurance Organization conducts independent audits 
of EM programs and projects. 

Durin,p 1991 approximately 130 internal oversight inspections of environmental restoration 
activities were conducted under the direction of the Remediation Programs Division Quality Coor- 
dinator. The activities of 16 subcontractors were inspected to ensure that activities were being 
conducted in compliance with the requirements and specifications of the QAPjP, QAAs, work 
plans, and operating procedures. Inspections consisted of observations of the activities being 
performed and examination of the records generated by the activity. These oversight inspections 
were performed in the field at sampling and test sites, at the main decontamination facility, and at 
the subcontractors’ fieid milers. Following is a list of activities that were inspected 

Collecting geotechnical, hydrologic, and ecological environmennl samples 
Augenng, drilling, and coring 

162 



Trenching 
Log&-ing and handling geotechnicai materials 
Handling, labeling, containerizing, preserving, and shipping samples 
Trackin? (sample chain-of-custcdy) samples 
Installating monitoring wells and piezometers 
Field surveying 
Field analysis and generating field measurement data 
Radiological screening of environmental samples 
Documenting samples 
Decontaminating general and heavy equipment 
CoIIecdng and/or preparating quality control sample blanks 
Calibrating instruments and recording calibration 
Storing samples 
Using and maintaining current work plans, procedures, and forms 
Record keeping and managing data 

The primary activities inspected included those conducted at Operable Units 1 and 2 (881 Hillside 
and 903 Pad, Mound, and East Trenches, respectively), sitewide geologic characterization studies, 
and baseline ecological field investigations. Inspection checklists were used to conduct the 

oement inspections, and the results of each inspection were documented on an Environmental Mana, 
Inspection Report. 

In 1991 five readiness reviews were conducted on EM activities. Readiness reviews are performed 
to determine whether a planned project or work activity is ready to proceed. Readiness reviews are 

:d&- performed under the direction of the Quality Assurance Program Manager (QAPM), who selects a 
"*."readiness review team leader and a readiness review team. The leader prepares a readiness review 

checklist, which consists of applicable work activity prerequisites, requirements, and other 
pertinent information that provides evidence for determining readiness. The checklist is then used 
to document the readiness to proceed with the project or work activity. 

Readiness reviews were conducted before the following EM projects were begun. 

Operable Unit No. 1 (881 Hillside) Phase III RFW 
Phase IXA Construction of the 881 Hillside Groundwater Treatment System 
OperabIe Unit No. 2 (903 Pad, Mound, and East Trenches) Phase 11 RFI/RJ 
Construction and System Testing of the South Walnut Creek Surface Water 

Operation of the Main Decontamination Pad 

0 

0 

0 

Granular Activated Carbon Treatment Unit 
0 

After the above listed projects began, an internal QA surveillance was performed for each project 
under the direction of the QAPM. In addition to the above listed projects, a surveillance was also 
conducted of drilling and field sampling activities associated with the environmental restoration 
program. These surveillances consisted of observing project work activities to verify that they 
were being conducted according to the QA requirements specified in the QAPjP, QAAs (as 
appropriate), and project work plans. The resulr of each surveillance is documented in a 
surveillance report prepared by the surveillance team leader. The surveillance repon documents 
observations, deficiencies, and recommendations. 
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The EGBrG Rocky Rats Quality Assurance Orgmiution conducted ;in independent audit of the EM 
QA Program i n  1991. This audit w ~ s  conducted to verify that the program complies with RFO 
requirements for QA Programs. 

RA DIOL 0 GlCA L H EA1 TH L A B  0 RA TO RlES 

The quality assurance practices currently operative within the RFP Radiological Health 
Laboratories (RHL) quality assurance/quality control proram include the following elements: 

Development, preparation, revision, issue, and control of all laboratory procedures and 
documents according to the RFP/NQA-1 Document Control System. 

Scheduled inshment calibration, control chlirtin:, and preventive maintenance. 

Scheduled analytical process control charting, trend analysis, out-of-control actions, and 
recurrence control. 

Pankipation in interlaboratory quaIity comparison programs. 

Intralaboratory quality control programs. 

All environmental field samples received for analysis by the RHL are configured into Quality 
Control (QC) Sample Batches, which consist of a group of twelve, or fewer, samples that include 
duplicate internal matrix surrogate controls, matrix blank, and any interlaboratory control 
standards. Each set of samples, blank and controls comprise a QC Batch and is assigned a unique 
QC batch number. Each sample can be correlated with, and traced to, its corresponding batch. 
The statistical evaluation of the defined control sample parameters determine the acceptability of the 
sample batch data relative to the data quality specifications (data quality objectives) agreed upon 
with the customer. If any samples require reanalysis, they are included in another QC batch. 

f 

A sample analysis or QC Batch may be rejected and the sample or batch scheduled for reanalysis 
for one or more of the followin, reasons: 

Overall chemical recoL8ered of the internal standard for any sample analysis is less than 10 
percent or greater than 105 percent. 

A QC Batch fails one or more of the customer agreed upon data quality criteria for accuracy, 
precision, or sensitivity. 

A sample alpha ene rg  spectrum is not acceptable because of extra and/or unidentified peaks, 

The chemisr in charge has reason to suspect the analysis because of historical knowledge or 
indications of sample and control mixup. 

kal condition affecting the results, noted during sample collection, analysis, or QA 
review, is reported to the appropriate management officials. Quality Assurance provides written 

. notification to manasement to suspend any analyticai operation, pending review and corrective 
actions. when prkess conrrol c h a m  or orher statistical evaluarions indicare [hat the process is out 
of control. 

ckground areas, or poor resolution of peaks. 
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The Radiological Health Laboratories participate in the EPA Environmental Monitoring Systems 
Laboratory and the DOE Environmenral Laboratory (Eh4L) crosscheck programs. Table 7-  1 
summarizes the Radiological Health Laboratones’ participarion in this program for 1991. 

Table 7-1 
Radiological Health Laboratories’ Participation in the EPA Environmental 

Monitoring Systems Laboratory Crosscheck Program During 199 1 

Annual Range of 
Number Number of Relative Relative 

Is0 tope of Acceptable Error Error 
Matrix yethod Analyses Analvsesa Percentb percent RePorted 

Gross Alpha Filter Gas Proportional 1 1 40  N/A 

H-3 Water Beta Liquid Scintillation 2 2 5.3 0.9 to 9.6 

a ‘Acceptable analyses’ are those analyses for which the observed value was wilhin 5 3 standard deviations of fhe standard 
value. 
The mean of the ratio of the 12-month differences between observed and standard values lo standard values in percent. This b. 
term is inclusive of all random and systematic error in the standards, analytical chemistry, and measurement process ior a given 
nuclide, matrix, and procedure. 

GENERAL LABORATORY 

The Analytical Laboratories Quality Assurance Plan provides comprehensive guidance to the 
General Laboratory to ensure data qudity. The laborarory organization, functions, responsibilities, 
policies, and programs that comprise the overall quality assurance program are described. 
Highlights of the p r o - m  include: 

Staff qualification and training 
Analytical procedure development, control, and compliance 
Laboratory records and sample handIing. protocols 
Analytical instrument calibration-and rnantenance 
Reagent puriry and standardization 
Measurement control and data review 

0 Self-appraisals and corrective actions 

Detailed quality control for the reliability of analytical data is provided in each General Laboratory 
analytical operating procedure. Typically, samples are analyzed in daily batches containing 
approximately 25 percent control samples. Conuol samples consist of various blanks, duplicates, 
standards, and spikes. This batching of samples and controls ensure reproducible, quality 
measurements. Traceable standards are prepared both within and independently of the laboratory. 
Reportability of dara is judged by ( I )  the behavior of batch control samples, and (2) the responsible 
chemist and quality assurance officer. 
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The General Laboratory participates in a number of independent blind sample programs to control 
and assess analytical measurements. More than 125 blind samples are submitted monthly to the 
General Laboratoxy for the RFP lnreractive Measurement Evaluation and Connol System. This 
program provides immediate feedback on analyses as well 2s monthly reports and meetings to 
review analytical results. Performance samples from the EPA for the NPDES program are 
analyzed and evaluated annually. Environmental samples from the United States Geological 
Survey (USGS) are evaluated biannually. The laboratory participates in radiochemistry programs 
conducted by the EPA Environmental Monitoring Systems Laboratory and the DOE EML. The 
General Laboratory also purchases (from an independent commercial laboratoryj a suite of water 
samples for a quarterly program administered by the laboratory quality assurance officer. 
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9. USEFUL INFORMATlON 

A B B RE VIA T l  ONS 

Unifs of Measure 

ci/m/pCi 
d/df 

Becquerel 
Becquerel per liter 
Becquerel per square meter 
Becquerel per cubic meter 
Degree Celsius 
Curie 
Curie per gram 
Centimeter 
Cubic centimeter 
Disintegration per minute per microcurie 
Disinte,gation per minute per picocm-e 
Disinte,ption per minute per filter 
Disinte_gation per minute per liter 
Disintegration per minute per gram 
Disintegration per second 
D e p  Fahrenheit 
Foodfeet 
Square Foot 
Cubic foot per minute 
Foot per mile 
Gram 
Gallon 
Gram per square centimeter 
Gram per day 
Gallon per minute 
HKtare 
Hour 
Inch 
Kilo,.ram 
Kilometer 
Liter 
Liter per disintegration 
Lite: per second 
Pound 
Meter 
Square meter 
Cubic meter 
Cubic meter per second 
Mili i ,m per square centimeter 
Milligram per liter 
Mile 
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ml 
mVday 
mVs 
mPh 
mrem 
mrem/day 
m r e d y r  
mls 
m3ls 
mSv 
mSv1y-r 
pCi 
pCi/m2 
pCiml 

Milliliter 
Milliliter per &y 
hlilliliter per second 
Mile per hour 
Millirem 
Millirem per day 
Millirem per year 
Meter per second 
Cubic meter per second 
Millisieven 
Millisievert per year 
Microcurie 
Microcurie per square meter 
Microcurie per milliliter 
Microgram 
Microgram per filter 
Micro,m per liter 
Microgram per cubic meter 
Microgram per milliliter 
Picocurie 
Picocurie per gram 
Picocurie per liter 
Part per billion 
Pan per million 
Pint 
Percent 
Roentgen equivalent man 
Roentgen equivalent man per year 
second 
International Standard 
Sieven 
Cubic yard 
Ye= 

. ,  . 

. . .  . .  
.. . 

- . .  . - .  
. - . .  . 

. .  . .. 
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Chemical Elemenfs ond Compounds 

Am 
Ba 
Be 
ca 
cc4 
CI 
Cm 
co 
c o  
Cr 
cs 
Fe 
H-3 
M g  
Mn 
Mo 
N 
Na 
NO2 
NO3 
0 3  
Pb 
PCB 
PCE 
Pu 
Ru 
Se 
so?, 
so4 
Sr 
TCA 
TCE 
Tm 
U zn 

Americium 
Barium 
B ery 11 i um 
Calcium 
Carbon Tetrachloride 
Chlorine 
Curium 
Carbon Monoxide 
Cobolt 
Chromium 
Cesium 
Lron 
Hydrogen-3 (Also called "Tritium") 
Magnesium 
Manganese 
Molybdenum 
Nitrogen 
Sodium 
Nitrogen Dioxide 
Niuate 
Ozone 
Lead 
Polychlorinated Biphenyls 
Tetrachloroethene 
Plutonium 
Ruthenium 
Selenium 
Sulfur Dioxide 
Sulfate 
Strontium 
1,1,1 - Trichloroethane 
Trichloroethene 
Thulium 
Uranium 
Zinc 
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ACRONYMS AND 
AEC 
AIP 
AMAD 
ANSI 
APEN 
AQCC 
AR4R 
ASME 
BAT 
BOD5 
CAA 
CCR 
CDH 
EQ 
CERCLA 
CFR 
CLP 
CMS/FS 
CWA 
CWQCC 
DCG 
DMR 
DOE 
DOE-HQ 
DRCOG 
EA 
EDE 
EIS 
EM 
EML 
EPA 
EPCRA 
ERDA 
FD 
FFCA 
FONSI 
FYP 
GI 
HgLS 
HEPA 
HQ 
IAG 
ICP 
ICRP 
'IM/IRA 
LDR 
LEPC 
LLW 

Atomic Energy Commission 
A,geement in Principle 
Activity Median Aerodynamic Diameter 
American National Standards Institure 
Air Pollutant Emission Notice 
Air Quality Control Commission 
Applicable or Relevant and Appropriate Requirement 
American Society of Mechanical Engineers 
Best Available Technology 
Biochemical Oxygen Demand, 5-day incubation period 
Clean Air Act 
Colorado Code of Regulations 
Colorado D e p m e n r  of Health 
Council on Environmental Quality 
Comprehensive Environmental Response, Compensation, and Liability Act 
Code of Federal Regulations 
Contract Laboratory Program 
Corrective Measures SrudyLFeasibility Study 
Clean Water Act 
Colorado Water Quality Control Commission 
Derived Concentration Guide 
Discharge Monitoring Report 
Department of Energy 
Department of Energy Headquarters 
Denver Regional Council of Governments 
Environmental Assessment 
Effective Dose Equivalent 
Environmental Impact Statement 
Environmental Management 
Environmental Measurements Laboratory 
Environmental Protection Agency 
Emergency Planning and Community Right-to-E(now Act 
Energy Research and Development Adminismuon 
Fire D e p m e n t  
Federal Facilities Compliance Agreement 
Finding of No Significant Impact 
Five-Year Plan 
Gastrointestinal 
Health and Safety 
High Efficiency Particulate Air 
Headquarters 
Inter-Agency Agreement 
Inducrively Coupled Plasma 
International Commission on Radiological Protection 
Interim Measwes/lnterim Remdal  Action 
Land Disposal Restrictions 
Local Emergency Planning Committee 
Low-level Waste 
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MAP 
MDA 
MDL 
MSDS 
NAAQS 
NCC 
NCRP 
NEPA 
NESHAP 
NO1 
NOID 
NOV 
NPDES 
NQA 1 
NRC 
ORNL 
OSHA 
ou 
PEIS - -  

PM-IO 
PRMP EIS 
QA 
QW 
QW 
QMD 
QApjP 
QAR 
RCRA m 
RFO 
RFP 
RVFS 
ROD 
SAAM 
SARA 
S A W  
SERC 
SI 
SPCC/BMP 
SSP 
STP 
su 
SWMU 

Mitigation Action Plan 
hlinimum Detectable Amount 
Minimum Detection Limit 
Material Safety Data Sheet 
National Ambient Air Quality Standards 
NEPA Compliance Committee 
National Council on Radiation Protection and Measurements 
National Environmental Policy Act 
National Emission Standards for Hazardous Air Pollutants 
Notice of Intent 
Notice of Intent to Deny 
Notice of Violation 
National Pollutant Discharge Elimination System 
Nuclear Quality Assurance 
Nuclear Regulatory Commission 
Oak Ridge National Labontory 
Occupational Safety and Health Act 
Operable Unit 
Pro,pmmatic Environmental Impact Statement 
Paniculate Matter less than 10 micrometers in diameter 
Plutonium Recovery Modification Project Environmental Impact Statement 
Quality Assurance 
Quality AssurancdQuality Control 
Quality Assurance Management Staff 
Quality Assurance Program Description 
Quality Assurance Project Plan 
Quality Assurance Requirements 
Resource Conservation and Recovery Act 
RCRA Facility Investigations/Remedial Investigations 
Rocky Flats Office 
Rocky Flats Plant 
Remedial InvestigationFacilitiies Study 
Record of Decision 
Selective Alpha Air Monitor 
Superfund Amendment and Reauthorization Act 
Supercompactor and Repackaging Facility 
State Emergency Response Commission 
International Standard 
Spill Prevention Control and CountemeasuresBest Management Practices 
Site-Specific plan 
Sewage Treatment Plant 
Standard Units 
Solid Waste Management Unit 
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TCLP 
TDS 
TLD 
TRU 
TSCA 
TS P 
uses 
VOC 
WSRlC 

Toxic Consrituent Leaching Procedure 
Total Dissolved Solid 
Themoluminescenr Dosimeter 
Trans wan i c 
Toxic Substances Connol Act 
Total Suspended Particulates 
United States Geological Survey 
Volatile Organic Compound 
Waste Srrearn and Residue Idenrification and Chardcterizrltion 
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GLOSSARY 

activity. See radioactivity. 

air pollutant. Any fume, smoke, particulate matter, vapor, gas, or combination thereof that is 
emitted into or otherwise enters the atmosphere, including, but not limited to, any physical, 
chemical, biological, radioactive (including source material, special nuclear material, and by- 
product materials) substance, or material, but does not include water vapor or steam condensate. 

aliquot. Of, pertaining to, or designating an exact divisor or factor of a quantity, especially of an 
integer. 

alpha particle. A positively charged particle emitted from the nucleus of an atom having the 
same charge and mass as that of a heiium nucleus (2 protons, 2 neutrons). 

atom. Smallest particle of an element capable of entering into a chemical reacnon. 

beta particle. A negatively charged particle emitted from the nucleus of an atom having a mass 
and charge equal to that of an electron. 

concentration. The EUIIOUR~ of a specified substance or amount of radioactivity in a given 
volume or mass. 

- 

contamination. The deposition of unwanted radioactive or hazardous matend on the surfaces of 
structures, areas, objects, or personnel. 

cosmic radiation. Radiation of many types with very high energies, originating outside the 
earth’s atmosphere. Cosmic radiation is one source conmbuting to natural background radiation. 

curie (Ci). The traditional unit for measurement of radioactivity based on the rate of radioactive 
disintegration. One curie i s  defined as 3.7 X 1010 (37 billion) disintegrations per second. Several 
fractions and multiples of the curie are in common usage: 

millicurie (mCi). 10-3 Ci, one-thousandth of a curie; 3.7 x 107 disintegrations 
per second. 

microcurie (pCi). 10-6 Ci, one-millionth of a curie; 3.7 x 104 disintegrations 
per second. 

nanocurie (nCi). 10-9 Ci, one-billionth of a curie; 37 disintegrations per second. 

picocurie (pCi). 10-12 Ci, one-trillionth of a curie; 3.7 x 10-2 disintegrations per 
second. 
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ftmtocurk IfCi). 1(’ :! Ci. oni-Juz!d:i:lion:h of ;i curie; 3.7 x 10-5 
disinteyrations per second. 

attocurie (acli). 10-1s Ci, on:-quintillionth of ;. curie; 3.7 x 10-8 disintegrations 
per second. 

decay, radioactive. The spontaneous transformation of one radionuclide into a different 
radioacdve or noriradioactive nuclide, or into a different energy state of the same 
radionuc!ide. 

Derived Concentration Guide (DCG). Secondq  radioactivity i n  air and water 
concenualion guides used for comparison to meaxred radioactivity concentcirions. 
Calculation of DCG munies thar the exposed inuix*idua! inhales 8,400 cubic meters of air 
pei year or inzests 7-3i liters of w’ster per year at t k  specified mdioactivir!! DCG with a 
resulting radiation dose of 0.1 reni ( 100 nirem) effective dose equivalenr. 

disintegration, nuclear. A spontaneous nuclear ransformation (radioactivity) 
characterized by rhe emission of energy and/or mass from the nucleus of an atom. 

dose, absorbed. The amount of energy deposited by radiation in a given mass of 
material. The uni: of absorbed dose is the rad or the gray (1 gray = 100 rad). 

dose commitment. The rota1 radiation dose projected to be received from an exposure to 
radation or intake of radioactive material throughout the specified remaining lifetime of an 
individual. In theoreticat calculztions, this specified lifetime is usually assumed to be 50 
yrs . F. 

dose equivalent. A modification to absorbed dose that expresses the biological effects 
of all types of radiation (e-;., alpha, beta, gamma) on a common scale. The unit of dose 
equivalent is the rem or the sieven (1 sieven = 100 rem). 

ephemeral. Laxing for a brief period of time; short-lived, transitory. 

exposure. .4 meastire of the ionization produced in air by X-ray or gamma + radiation. 
1 ne special unit of :xposure is the roentgen (Rj. -i-. 

friable. Readily crumbled: brittle. 

gamma ray. High-energy, shon-wavelength electromagnetic radiation emitted from the 
nucleus of an atom. Gamma radiation frequently accompanies the emission of alpha or beta 
pmicles. Gzmma rays are iden:ical to X-rays except for the source of the emission. 

half-life, radioactive. The time required for a civen amount of a radionuclide to lose 
half of its activity by rztdioactive decay. Each radionuclide hss a unique half-life. 

isotopes. F0n.s of‘ an e!ement having the same number of protons in their nuclei and 
differing in the number of neutrons. 



minimum detectable concentration (MDC). The smallest amount or concentration 
of a radioelement that can be distinguished in a sample by a given measurement system in a 
preselected counting time at a given confidence level. 

natural radiation. Radiation arising from cosmic sources and from naturally occurring 
radionuclides (such as radon) present in  the human environment. 

outfall. The place where a storm sewer or effluent line discharges to the environment. 

part per billion (ppb). Concentration unit approximately equivalent to micrograms per 
liter. 

part per million (ppm). Concentration unit approximately equivalent to milligrams per 
liter. 

pathway. Potential route for exposure to radioactive or hazardous materials. 

person-rem. The traditional unit of collective dose to a population group. For example, 
a dose of 1 rem to 10 individuals results i n  a collective dose of 10 person-rem. 

quality factor. The facror by which the absorbed dose (in rad or gray) is multiplied to 
obtain the dose equivalent (in rem or sieven). The dose equivalent is a unit that expresses, 
on a common scale for all ionizing radiation, the biological damage to exposed persons. It 
is used because some types of radiation, such as alpha particles, are more biologically 
damaging than others. 

rad. A uaditional unit of absorbed dose. The International System of Units (SI) unit of 
absorbed dose is the gray (1 gray = 100 rads). 

radioactivity. The spontaneous emission of radiation, generally alpha or beta panicles, 
often accompanied by gamma rays, from the unstable nucleus of an atom. 

radionuclide. An atom having an unstable ratio of nemons to protons so that it  will tend 
toward stabiliry by undergoing radioactive decay. A radioactive nuclide. 

rem. The traditional unit of dose equivalent. Dose equivalent is frequently reponed in 
units of millirem (mrem), which is one-thousandth of a rem. The International System of 
Units (SI) unit of dose equivalent is the sievert (1 sieven = 100 rem). 

roentgen (R). The traditional unit of exposure to X-ray or gamma radiation based on the 
ionization in air caused by the radiation. One roentgen is equal to 2.58 X 10-4 coulombs 
per kilogram of air. A common expression of radiation exposure is the milliRoentgen (1 R 
= 1000 mR). 

- sievert (Sv). Inrernarional System of Units (SI) unit for radiation dose (1 Sv = 100 
rem). 
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thermoluminescent dosimeter (TLD). A device used to measure external sources 
(i.e., outside the body) of peneuating radiation such as X-rays or gamma rays. 

uncontrolled area. Any area to which access is not controlled for the purpose of 
protecting individuals from exposure to rddiation and radioactive materials. The area 
beyond the boundary of the RFP is an uncontrolled area. 

worldwide fallout. Radioactive debris from armospheric weapons testing that is either 
airborne and cycling around the earth or has been deposited on the earth's surface. 
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Appendix A 

PERSPECTIVE O N  RADIA TiON 

lNTRO D UCTl O N  
Activities at the RFP invoIve handling radioactive materials and operaring radiarion-producing 
equipment. Environmend monitoring programs include monitoring for potential exposures 10 rhe 
public from FSP-relared radiation sources. This section proifides the basic conccprs of radiation 
IO assist in the understanding and inrerpreltttion of monitoring information and radiation dose 
assessment. 

Further discussion on sources of ionizing radiaiion cm be found in  Report No. 93 of the Narional 
Council on Radiation Prorecrion and Measurements, lotiizitig Radiariou Exposurt: of die Popularion 
of the Unircd Srares (NA87b), from which much of rhr infoAq;atioil in  this section was derived. 

lONiZiNG RA DlA TI0 N 

Many kinds of radiation exist in our environment. Visible light and heat radiating from a warm 
object are examples. Radiation from rrldioacrive mareriais and radiation-producing equipment is 
called ionizing radiation. Ionizing radiation has sufficient enersy to separate elecuons from atoms 
of material. This separation is  called ionization. When ionizing radiation is absorbed in living 
tissues, it can cause damage from the ionizxion process. Consequenti!r, proteczive measures may 
be required to minimize the amount of ionizing radiation to which a person might be exposed 

Types of Radiation 

Common rypes of ionizing radiation include alpha. beta, gamma, X-ray, and neutron radiation. 
While all types car; produce ionizarion, hey  nave ot'ner. differing propernes, includins their ability 
to penetrate or pass through mateilals. Alphs radiririm peneirsies poorly: a piece of paner or outer 
skin tissue can siop it. Beta radiation has joy,, to modeizie peaemling abilir).. Gamma. X-ray, and 
neutron radiarion usually have much zreater penenatins ability. Radiation produced by medical X- 
ray machines, for example. is able to pass through 2 human body. 

Producfion of Rcrdiafisn 

Ionizing radiation is produced by radioacrive materials and radiation-producing equipment. 
Radiation-producin: equipmenr includes X-ray mac!i:nes and linear accelerators. ElecmcaI power 
must be applied to this equipment to produce ridation. In conmst, radioacrive marerials will 
continue to emit ionizing radarion until they have undergone radioactive deca)? to nonradioacrive, 
srable states. The time required for 3 marerial io reach this srdde stare is dependenr on a material's 
radioactive half-life. Xalf-life is rhe aiounr of rime requirzd rToi one-half of the atoms of a 
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radioactive material to experience mdioacrive deca\*. Hsl~-lifr  is unique and unchanging for each 
s?ecific radionuclide. Half-lives for differenr mdionucliacs n:;?!~ ~ w y  from Acc<):ids to billions of 
years. 

Radiation Dose 

The biological effect of ionizing radiation is called radialion dox.. The radiation can be from a 
penetrating radiation source located outside of rhe body (external r;idiation) or from radioactive 
inarerials taken into the body (internal radiation). I n  the Pniird Stairs, rddiarion dose is mmsured 
in rhe unit called the ren: or millirem (1 rem = 1,000 millirem). The comparable International 
Standard (SI) unit of radiation dose is the sievert ( I  Sv = 100 rem). A rem is a unir of biological 
dose that expresses biological damage on a common scale. The effective dose equivalent (EDE) is 
a means of calculating radiation dose. EDE takes into accoun: rhe r0:ril hea!ih risk estimated foi 
cancer mortality and serious genetic effects from radiation exposure regardless of which bod!, 
tissues receive the dose or the sources or types of ionizing radiarion prodxing the dose. 

SOURCES OF RADiATiON 

AI1 living things are exposed to naturally occurring ionizing radiation. However. since the 
discovery of racbation and radioactive materials at the beginning of tlis centuiy, we caii significmt- 
ly increase the amount of radiation we are exposed to through use of arrificialli\. produced or 
enhanced sources of radiation. 

Natural Sources 

Naturally occurring sources are the greatest contributor ro radiation exposures for the people living 
in the United Smtes. Sources of natural background radiation include cosmic radianon from space 
and secondary radioactive materials (cosmogenic nuclides) created when cosmic radiation enters 
our atmosphere. Another source is naturally occumng rddioactive marerials originating fro?? the 
earth's crust, referred to as primordial nuclides. These materids may contribute to radiktion 
exposure when Iocared outside the body or when taken into the body through inhalation or 
ingestion. Radon. for example, a radioactive gas derived from uranium, is an impocant contribu- 
tor to internal radiation exposure as a result of inhaiation inside buildings. 

Different living situations can result in  more or less exposure to natural!!. occurring ionizing 
radiation. Cosmic radiation exposure can increae as aititude increases bezause less atmosphere 
exists to shield against the radiation. Some geographical areas have higher concentrations of 
primordial nuclides such as uranium :ind thorium. Because the Denver area is located at a relzrively 
high altitude and also has higher concencations of u r m i u m  and thorium in  rocks and soil, naturally 
occumng radiation levels are higher t h m  rhose in many orher regions in  the country. 

Annual, naturally occurring EDE to a typical resident of the Denver metropo1i:ztn are9 is given in 
Section 6.0. The total for this area, based on currenr published reports, is about 350 mredyr .  
This estimate may increase as the Denver region21 difference in indoor radon concentr3tion is 
determined, By comparison, the estimated rota1 averageEDE for a member of the United States 
population from natural sources is about 300 mrem/yr. 
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Medical Sources 

Ionizing radiation is used in medicine for diagnosis and treatment of many medical conditions. 
This radiation can be produced by equipment such as X-ray machines or linear accelerators, or i t  
can originate from radioactive materials incorporated into pharmaceuticals. Medical diagnosis and 
neatment account for the largest radiation doses to the United States public from artificially 
produced sources of radiation. The average EDE to a member of the United States population from 
medical sources is about 50 mrem/yr. However, individual doses from this source vary widely, 
with some people receiving little or none and others receiving much more than the average in any 

Consumer Products Sources 

Some consumer products, including tobacco, smoke detectors, and television sets, have ionizing 
radiation associated with them. Consumer products are the second largest conmbutor to radiation 
dose to the United States population from artificially produced or enhanced sources. The radiation 
may or may not be intentional and necessary for the functioning of the product. Ionization smoke 
detectors and X-ray baggage inspection systems at airports require ionizing radiation to perfom 
their functions. Tobacco products, fuels such as coal, and television receivers have radiation 
associated with them even though it  is not necessary for their use. 

particular year. 

0 fber Sources 

Naturally occumng, medical, and consumer product sources conmbute over 99 percent of the 
average radiation dose that a person living in the United States receives each year (Figure A-1). 
Other sources include occupational exposures, residual fallout from past atmospheric weapons 
testing, the nuclear fuel cycle, arid miscellaneous sources. Combined, these other sources 
conmbute less than 1 percent of the average radiation dose to a person living in the United States. 
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ARTIFICALLY PRODUCED 18% 

Consumer Products 3% 
Nuclear Medicine 4% 

Other 4 X 
Occupational 0.3X 

Fallout <0.3% 

Nuclear Fuel Cycle 0.1 % 

Miscellaneous 0.1 % 

Figure A-1. Contribution of Various Sources to the Total Average 
Radiation Dose to the United States Population (NA87b) 
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Appendix B 

APPLKABLE GUIDES AND 
STANDARDS 

RFP environmental monitoring programs evaluate plant compliance with applicable guides, limits, 
and standards. Guide values and standards for radionuclides in ambient air and warerborne 
effluents have been adopted by the Department of Energy (DOE), rhe Colorado Department of 
Health (CDH), the Colorado Water Quality Control Commission (CWQCCj (warer only), and by 
the Environmental Protection Agency (EPA) (for the air pathway only) (CDH78, EPk85). Many 
of these guides are based on recommendations published by the International Commission on 
Radiological Protection (ICRP) and the National Council on Radiation Prorection and hleasure- 
rnents ( N O ) .  

AIR STANDARDS 

Effluent Air 

Air effluent limits are established under the Clean Air Act h'SHAPs. Limits for radiation dose 
from radioactivity emissions are promulgated by EPA and are listed in Table B-1 (see "'4ir 
Pathway Only"). Nonradioactive (but otherwise hazardous) materials emissions are regulated by 
the State of Colorado under Colorado Air Quality Control Rqularion #8. Regarding hazardous air 
pollutants at W P ,  this regulation sets a limit for beryllium of 10 g per stationary source in a 24-hr 
period. 

Ambienf Air 

Ambient air data for nonradioactive particulates have been collected hisroricaily a t  RFP for comparison to criteria pollutants listed under the EPA NAAQS established by the Cl-, bm Air Act 
(EPA8 1) (Table B-2). Instrumentation and methodology follow requiren?en:s established by the 
EPA in the Quality Assurance Handbook for Air Pollusiotz Measurement Sysrems (EPAS6bj. 

Ambient air data for radioactive particulates are compared with Derived Concentration Guides (DCGs) given in Table B-3. A further explanation of DCG is given in the Radiolo, 4cal Dose 
Standards section. . 

WATER STANDARDS 

The DCGs for surface water effluents are given in Table B-3. A further explanation of DCG 
standards is given in the Radiological Dose Standards section. 
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Table B-1 
DOE Radiation Protection Standards for the Public 

ICRP-RECOMMENDED STANDARDS FOR ALL PATHWAYS: 

Temporary Increase 500 mremlyear Effective Dose Equivalent 
(with prior approval of DOE EH-2) 

Normal Cperations 100 mrem/year Effective Dose Equivalent 

EPA CLEAN AIR ACT NESHAP STANDARDS FOR THE AIR PATHWAY ONLY: 

10 mrem/year Elfective Dose Equivalent 

Table 8-2 
National Ambient Air Quality Standards (NAAQS) for Particulates 

i 

HAAOS Averaaina Time . Concentration 

.. - 
PM-10: Annual Arithmetic Mean 50 pg/m3 

24-hr Averagea 150 pg/m3 

TSPb: Annual Geometric Mean 
24-hour Average 

a 
b. 

Not to be exceeded more than once per year. 
TSP no longer used lor determining compliance with NAAQS. Sampling and reporting continues for 
amparison purposes and general inierest. 

Tabte 8-3 
DOE Derived Concentration Guides for Radionuclides of Interest at RFP* 

Air Inhalation: 

Radionuclide P C G  hCilrnl] 

Plutonium-239, -240 20 x 10-15 

Water Inaestiorl; 

Radionuclide PCG hCilml)  

Plutonium-239, -240 
AmeM'um-241 
Uranium-233, -234 
Uranium-238 
Hydrogen3 (Tritium) 

30 x 1 0 9  
30 x 10-9 
500 x 10-4 
600 x 10-9 
2.000.000 x 10-9 

a Based on most restrictive assumptiom for lung clearance class and gastrointestinal uptake fraction. 
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Surface Water Effluent 

National Pollution Discharge Elimination System (NPDES). The NPDES permit sets 
limits for nonradioactive pollutants, typical examples of which are listed below (Table B-4). The 
RFP NPDES permit, reissued to DOE in  1984 and administratively extended in 1989 by the EPA, 
establishes effluent limitations for seven discharge points from which Ponds A-3, A-4, B-5, and C- 
2 discharge into drainages leading off of RFP property. 

Colorado Water Quality Control Commission Water Quality Standards. Resegme- 
ntation of Big Dry Creek and revised use classifications and water quality standards for Woman 
Creek and Walnut Creek mbutaries to Standley Lake and Great Western Reservoir became 
effective on March 30, 1990. This action by the CWQCC established stream standards with 
temporary modifications for Segment 5 of Big Dry Creek (mbutaries from source to ponds A-4, B- 
5, and C-2) and final stream standards for Segment 4 of Big Dry Creek (from pond outlets to 
Standley Lake and Great Western Reservoir). Stream standards were adopted for organic and 
inorganic chemicals, metals, radionuclides, and certain physical and biological parameters (Tables 
B-5 through B-7). 

earameter 

_ -  
Table B-4 

N?DES Discharge llmltations for the RFPa 

Monthly Weekly 
pveraae p ve raae 

Effluent Water Samples 
(Nonradioactive) 
PH 
Nitrates as N 
Total Phosphorus 
Biochemical Oxygen Demand, 5-Day 
Suspended Solids 
Total Chromium 
Residual Chlorine 
Oil and Grease 
Fecal Coliform - NoflOO ml 

6.0-9.0 SU 

NA 
Nh 

10 mgil 20 ms/l 
8 msll 

0.05 mgil NA 

10 mg4 
30 m g  45 mgil 

NA Nh 
ti4 NA 
200 4 00 

Daily 
M a & @  

NA 
12 mgA 
25 mgA 
NA 
0.1 mgn 
0.5 mgtl 
v iual  
w 

a These limitations are presented as indicators of the types of parameters and assoaated concentration limits required by 
the NPDES permit. Details of these requirements specific to each discharge location are given in the referenced 
document (EPA84). The daily and monthly limitations indicated cannot be correlated with the annual water qualay data 
summarized in the text. 
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A goaI qualifier was applied by the CWQCC to Segment 5, indic;:ting that, at !he time standards 
were esrablished, the  u'aters were not suitable bur are intended IO becorn:: fully suitable for the 
classified use. The temporxy modifications of ambient quality for Segment 5 expire February 1, 
1993. The CWQCC has scheduled a Rulemaking Hexing for October 1992, to consider an 
extension of the remporq' modifications. 

Drinking Wafer 

In 1976, the EPA promulgated regulations for radionuclides in drinking wate: (EPA76a). These 
regulations were effective on June 24, 1977, along n 3 h  primary drinking water regulations for 
microbiological, chemicam, and physical contaminants. The intent of the Safe Drinking Water 
Act was to ensure that each state has p r i m q  responsibility for maintaining dinking water quality. 
To comply with these requinnents, the CDH modified existing state drinking water standards 
to include radionuclides (CDH77, CDH81). Two of the community drinking water standards are 
of i n t e r s  in this report. The state standard for gross alpha activity (includins radium-226 but 
excluding radon and umnium) in community water systems is a maximum of 15 pCi/l or 15 
x 10-9 pCi/ml (5.6 x 10-1 Bq/l). Americium and plutonium, which are alpha-emitting radi- 
onuclides. are included in  this limit. The limit for mtium in drinking water is 20,000 pCi/l or 
20,000 x 10-9 pCi/ml (740 Bq/l). 

The EPA pioposed additional National Primary Water S t a g r d s  for radionuclides in 1991. These 
standards aze not yet formalized. 

_ -  

SOlLS STANDARDS 

The standard for plutonium adopted by CDH in 1973 is 2.0 disintegations per minure per gram 
(apm/g) (0.9 pCi/g) for a soil density of 1 -gram per square centimeter (gcm 2) for soils sampled to 
i? depth of 0.64 cm (1/4 in.) (EG9li). 
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Table 6-5 
Colorado Wafer Qualify Control Commission (CWQCC) 

Wafer Quality Stream Standards 
Effective Date - March 30, 1990 

Goal Oualifiers, Segment 5 of Big Dry Creek 

Chemical Classification 

Physical and Biological 

Inorganic 

Metals 

a Table Value Standard 

parameter 

Dissolved Oxygen 

Fecal Colilorms 
Ammonia 

(Acute) 
(Chronic) 

PH 

Chlorine 
Cyanide 
Sulfate as Hydrogen Sulfide 
Nitrite 
Nitrate 
Chloride 
Sulfate 
Boron 

Arsenic 
Cadmium 
Chromium 111 
Chromium VI 
Copper 
Iron (Dissolved) 
Iron (Total Recovery) 
Lead 
Manganese (Dissolved) 
Manganese (Total Recovery) 
Mercury 
Nickel 
Selenium 
Silver 
Zinc 

CWCC Standards (mall) 

5.0 

2000/100 ml 
6.5 - 9.0 

ws 0.10 
0.06 

0.019 (ac) 

.002 
1 .o 

- 10.0 
250.0 
250.0 
.75 

0.011 (ch) 

.05 
TVSa 

.05 
TVS 
TVS 
9 
1 .o 

TVS 
.05 
1 .oo 

.OOOol 
TVS 
.01 

TVS 
TVS 
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Table B-6 
C WQCC Water Ouallty Stream Standards - Organic Chemical Standards* (pg/l)  

Paramete r 

Acrylonitrile 
Aldrin 
Atrazine 
Benzidine 
Chlordane 
Chloroform 
Chloroethyl Ether BIS 
DDT 
Dichlorobenzidine 
Dieldrin 
Dioxin (2. 3, 7. BOTCDD) 
Halomethanes 
Heptachlor 
Hexachloroethane 
Hexachlorobenzene 
Hexachlorobuiadiene 
Hexachlorocyclohexane, Alpha 
Hexachlorocyclohexane, Beta 
Hexachlorocyclohexane. Gamma (Lindane) 
Hexachlorocyclohexane, Technical 
NLrosodbutylamine N 

Nitrosodiphenylamine N 
Nitrosopyrroiidine N 
PCBS 
simazine 
Tetrachloroethane 1, 1, 2. 2 
Tetrachloroethane 
Trichloroethane 1, 1 , 2  
Trichlorophenol2. 4, 6 

- Nitrosodiethylamine N 

C A S  Chronic Gas Chromatography (GC) 
.(umber Standard Detection Level3  

1 07-1 3- 1 
309-00-2 

92-87-5 
57-74-9 
67-66-3 
11144-4 
50-29-3 
91-94-1 
60-57-1 
1746-01 -6 

76-44-8 
67-72-1 
118-74-1 
87-68-3 
319-84-6 
31 9-85-7 
58-89-9 
608-73-1 

86-30-6 

1336-36-3 

79-34-5 
79-34-5 
79-00-5 
88-06-2 

0.058 
0.000074 
3.0 
0.00012 
0.00046 
0.19 
0.0000037 
0.000024 
0.01 
0.000071 
0.000000013 
0.19 
0.00028 
1.9 
0.00072 
0.45 
0.0032 
0.0163 
0.0186 
0.0;23 
0.0064 
0.0008 
4.9 
0.016 
0.000079 
4 
0.17 
0.8 
0.6 
1 2  

10' 
0.05 
1 
1 C' 
0.5 
0.215.0 
lo' 
0.1 
lo' 
0.1 

0.5 
1 
1 
0.211 .o 
0.05 
0.05 
0.05 

5 
5 
10 
10' 

0.18 
0.2i5.0 
0.2 
0.2f5.0 
1 

a. In the absence of specific, numeric standards for non-naturally occurring organics, the narrative standard 'no tonics 
in toxic amounts' (Section 3.2.22 [l] Id]) shall be inerpreied as zero with enlorcement based on the practical 
quan:ilication levels (POLS) for those compounds u defined by the Water Ouality Control Division or the U.S. 
Environmental Protection Agency. 
Gas ChromatqraphyNass Spectrometry Method. 
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A. 

B. 

a 

Table B-7 
CWQCC Water Quality Stream Standards - Radionuclide9 

The radionuclides listed below shall be maintained at the lowest practical level and in 
no case shall they be increased by any cause attributable to municipal, industrial, or 
agricultural practices to exceed the site-specif ic numeric standards. 

Ambient based site-specific standards: 

Segment 3 Segment 4 Segment 4 
Segment 2 Great Segment 5 Segment 5 
Standley Western Woman Walnut 

Lake Reservoir Creek Creek 

Gross Alpha 
Gross Beta 
Plutonium 
Americium 
Tritium 
Uranium 

6 5 7 11 
9 12 5 19 

.03 .03 .05 .05 

.03 .03 .os .05 
500 500 500 500 

3 4 5 10 

Other site-specific standards applicable to segments 2, 3, 4,  and 5: 

Curium-244 
Neptunium-237 

60 
30 

- 
Statewide standards also apply lor radionuclides not listed above. - Values listed are in pCi/l. 

The EPA has not estabiished a standard for plutonium concentration but has proposed a screening 
level of 44.4 dpm/g (19.98 pCi/g) for a soil density of 1 g k m 2  for soils sampled to a depth of 1 cm 
(0.394 in.) (EPA77). 

RADlOfOGlCAl DOSE STANDARDS 

On February 8, 1990, DOE adopted DOE Order 5400.5, Radiation Protection of rhe Public and 
the Environment, a radiation protection standard for DOE environmental activities (DOE90a). This 
standard incorporates guidance from the ICRP, as well as from the €PA Clean Air Act (CAA) 
NESHAP standards (as implemented in 40 CFR 61, Subpart H). Included in DOE Order 5400.5 
is a revision of the dose limits for members of the public. Tables of radiation dose conversion 
factors currently used for calculating dose from intakes of radioactive materials were issued in July 
1988 (DOE88a, DOE8Sb). The dose factors are based on the ICRP Publications 30 and 48 
methodology and biological models for radiation dosimetry. The DOE Order 5400.5 and the dose 
conversion factor tables are used for assessment of any potential RFP contribution to public 
radiation dose. On December 15, 1989, €PA published revised CAA NESHAP standards for 
DOE facilities (EPA89). DOE radiation standards for protection of the public are given in this 
Appendix and include the December 15, 1989, EPA CAA air pathway standards. 
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DOE Derived Concentration Guides 

Secondary radioactivity concentration guides can be calculated from the primary radiation dose 
standards and used as comparison values for measured radioactivity concennations. DOE provides 
tables of these DCGs in DOE Order 5400.5. DCGs are the concentrations that would result in  an 
EDE of 100 mrem from 1 year's chronic exposure or intake. In  calculating air inhalation DCGs, 
DOE assumes that the exposed individual inhales 8,400 cubic meters of air at the calculated DCG 
during the year. Ingestion DCGs assume a water intake of 730 liters at the calculated DCG ior the 
year. Table B-3 lists the mosr restrictive air and water DCGs for the principal radionuclides of 
interest at the RFP. 

Plutonium Concentrations. Plutonium concenrations at RFP represent the alpha radioactivity 
from plutonium-239 and -240. These constitute over 97 percent of the alpha radioactivity in 
plutonium used at the plant. 

Uranium Concentrations. Uranium concentrations are the cumulative alpha activity from 
uranium-233, -234, and -238. Components containing fully enriched uranium are handled at the 
RFP. Depleted uranium metal can be fabricated and also is handled as a process waste material. 
Uranium-235 is the major isotope by weight (93 percent) in fully enriched uranium; however, 
uranium-234 accounts for approximately 97 percent of the alpha activity o f  fully enriched urrinium. 
In depleted uranium, the combined alpha activity from uranium-234 and -238 accounts for 
approximately 99 percent of the total alpha activity. Uranium DCGs used in this repon for air and 
water are those for uranium-233, -234, and -238, which are the most resmcuve. 

Environmental uranium concentrations can be measured by various laboratory techniques. 
Nonradiological techniques yield concentration units of mass per unit  volume such as millikTam 
per cubic meter and milli,gam per liter. Uranium concennations given in this repon were derived 
by measuring radioactivity from alpha-emitting uranium isotopes and are expressed in terms of 
activity units per unit volume. RFP data include measurements of depleted uranium, fully enriched 
uranium, and natural uranium. 

- 

Conversion factors for specific types of uranium can be used to compare the data in this report to 
data from other facilities and agencies that are given in units of m2ss per unit volume; however, the 
resulting approximations will not have the same assurance of accuracy as that of the original 
measured values. Uranium in effluent air from plant buildings is primarily depleted uranium. The - 
conversion factor for these data is 2.6 x 106 g/Ci. Natural uranium is the predominant species 
found in water. The conversion factor for water data is 1.5 x 106 gCi. 
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Appendix C 

WIND STABILITY CLASSES 

. 
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Table C-1 
Wind Frequency Dlstrlbution by Percent in 7997, Stability Class Aa***c 

Wind Speed Classes (Knots) 

m 
N 
"E 
NE 
WE 
E 
ESE 
SE 
SSE 
S 
ssw 
sw 
wsw 
W 
WNW 
NW 
Mi 

All 

a 
b. 

d. 
e. 

c. 

* OI 

a 
2.1 
3.9 
3.9 
6.3 
5.3 
7.4 
2.5 
0.4 
1.8 
0 
0.4 
0 
1.4 
1.8 

1.4 
5.6 
102 
9.1 
13 
9.1 
5.3 
21 
2.5 
0.4 
0.4 
0.4 
0 
0.7 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0- 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

&i& 

3.51 
9.47 
14.04 
15.44 
18.25 
16.49 
7.72 
2.46 
421 
0.35 
0.7 
0.35 
1.4 
2.46 

Total' 
0.12 
0.31 
0.46 
0.51 
0.6 
0.54 
0.25 
0.08 

- 0.14 
0.01 
0.02 
0.01 
0.05 
0.08 

1.1 0.7 - 0 0 0 0 1.75 0.06 
1.1 0.4 0 0 0 0 1.4 0.05 

38.9 61.1 0 0 0 0 1w 3.3 

Measurements taken a! the I5rneter iewl from the 67-meter rneteorofqical monitoring lower. 
Total number of invalid and valid observations in this stability class were 0 and 285, respectively. 
Calms are diitributed as per NCDC Star Deck procedures. 
Total percent for this stability class. 
Total percent relative to all stability classes. 

- 

I 8.3 

Wind Speed (Knots) 

< 3.0 

3.0 - < 6.0 ea 
1 5  

1 0  

5 

0 
N N N E N E  ENE E E S E S E S S E  S S S W S W W S W  W WNWNWNNW 

Wind Direction 

Figure C-1 Stability Class - A 
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Table C-2 
Wind Frequency Distribution by Percent in 7997, Stability Class B**bpC 

Wind Speed Classes (Knots) 

N 
NNE 
NE 
ENE 
E 
ESE 
SE 
SSE 
S 
ssw 
sw 
wsw 
W 
WNW 
NW 
NNW 

1 
1 
1.4 
0 
2.4 
0.5 
1 
0.5 
0.5 
0 
1 
1 
0 
0 
0 
0.5 

3.3 
8.6 

13.4 
9.6 

16.3 
17.7 
11 
3 2  
0.5 
0 
1.4 
0.5 
0 
0.5 
0.5 
1.9 

0 
0 
0 
0.5 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 - -  
0 
0 

4.31 
9.57 

14.83 
10.05 
18.66 
18.18 
11.96 
4.31 
0.96 
0 
2.39 
I .44 
0 
0.48 
0.48 
2.39 

All -10.5 89 0.5 0 0 0 100 

a 
b. 
c 
d. 
e. 

Measurements taken at the 10-meter level from the 61-meter meteorological monitoring tower. 
Total number of invalid and valid observations in this stability class were 0 and 209 respectively. 
Calms are dstribuled as per NCDC Star Deck procedures. 

Total percent for this stability dass. 
Total percent relative to all Stability classes. 

"I 'k '18.2 

1 5  

1 0  

5 

0 

4.3 

9.6 

14.8  
Wind Speed (Knots) 

3.0 m tzl 1 2  3.0 - < 6.0 ea 

-." 

1 

H L  
1.5 

Total' 
0.1 
0.23 
0.36 
0.24 
0.45 
0.44 
0.29 
0.1 
0.02 
0 
0.06 
0.03 
0 
0.01 
0.01 
0.06 

2.42 

r- 

- 2.4 

0.5 0.5 
n 0 

N N N E N E  ENE E E S E S E S S E  S S S W S W W S W  W WNWNWNNW 

Wind Direction 

Figure C-2 Stability Class - B 



Table C-3 
Wind Frequency Distribution b y  Percent in 1991, Sfablllty Class Ca9blC. 

Wind Speed Classes (Knots) 

w 
N 
"E 
NE 
ENE 
E 
ESE 
SE 
SSE 
S 
ssw 
sw 
wsw 
W 
WNW 
NW 
NNW 

0.4 
0.9 
0.9 
1.5 
0.9 
0.2 
0.4 
0.4 
0.2 
0.4 
0 
0 
0.2 
0.2 
0.6 
0.6 

U L S u !  

6.4 
9.6 
9 
8.5 

10.9 
13.9 
102 
3 
1.5 
0.2 
1.3 
0 
0.4 
0.4 
1.5 
1.5 

5 . ~  eo 
0.9 
1.9 
2.6 
1.3 
0.9 
3.6 
1.7 
0.4 
0.2 
0 
0.2 
0 
0.2 
0.4 
0.2 
0.2 

91.0-<16.4 16. 0-<21 .Q 

0.2 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0.2 0 
0.2 0 
0 0 

gg& 

0 7.89 
0 12.37 
0 12.37 
0 113 
0 12.58 
0 
0 

17.7 
1237 

0 3.84 
0 1.92 
0 0.64 
0 1 A9 
0 0 
0 0.85 
0 128 
0 . - 1.07 
0 2.35 

0.43 
0.67 
0.67 
0.61 
0.68 
0.96 
0.67 
021 
0.1 
0.03 
0.08 
0 
0.05 
0.07 
0.06 
0.13 

All 7.7 77 14.7 0.6 0 0 100 5.43 

a 
b. 
c. 
d 
e. 

Measurements taken at the 10-meter level from the 61-meter meteorological moniloring tower. 
Total number of invalid and valid observations in this stability dass were 0 and 469, respectively. 
Calms are distributed as per NCDC Star Deck procedures. 
Total percent for this stability dass. 
Total percent relafive to all stability classes. 

* O1 

1 5  

1 0  

12-61 2.5 

4 

17.7 

....... ...... ........ Wind Speed (Knots) 
D 

........ 
..... ............. ....... ....... ........ 

..... ...... ...... 
< 3.0 

2 * 7  12.3 3.0 - < 6.0 e3 
6.0 - <10.0 

10.0 -<16.0 

5 

N N N E N E  E N E  E E S E S E S S E  S S S W S W W S W  W W N W N W N N W  
Wind Direction , 

-Figure C-3 Stability Class - C 
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Table C-4 
Wind Frequency Distribution by Percent in 1991, Stability Class Dalb9C 

Wind Speed Classes (Knots) 

N 
NNE 
NE 
ENE 
E 
ESE 
S E  
S S E  
S 
ssw 
sw 
wsw 
W 
WNW 
NW 
NNW 

0.4 
0.6 
0.4 
0.4 
0.2 
0.2 
0.2 
0.4 
0.3 
0.4 
0.5 
0.5 
0.5 
0.6 
0.6 
0.4 

3*0 -<6.Q 

1.8 
2.1 
1.7 
1.5 
1 .l 
1.7 
1.9 
2.1 
1.6 
0.9 
1 
0.8 
0.8 
12 
12 
1.7 

~ . O - < l O . Q  

3.2 
3 
1.4 
0.8 
1 
1.4 
2.5 
2.8 
1.4 
0.9 
0.8 
1 
1 
1.5 
1.5 
2.4 

0.0-<16.Q 

2.5 
1.8 
0.3 
0.2 
0.1 
0.1 
0.4 
1 
0.9 
1 
12 
2.6 
4.4 
8.1 
4 
1.7 

16.0-<21 .Q  

0.2 
0.1 
0.1 
0 
0 
0 
0.1 
0.2 
0.2 
0.1 
0.1 
0.6 
1.7 
3.6 
12 
0.1 

0.1 
0 
0 
0 
0 
0 
0 
0.2 
0.1 
0 
0.1 
0.3 
1.7 
2.8 
0.4 
0 

8.1 1 
7.52 
3.85 
2.87 
2.37 
3.35 
5.2 
6.69 

3.29 
3.67 
5.8 

10.04 
17.79 
8.81 
6.26 

4.38 

Total' 
3.75 
3.47 
1.78 
1.33 
1.09 
1.55 
2.4 
3.09 
2.02 
1.52 
1.7 
2.68 
4.64 
8.22 
4.07 
2.89 

All 6.9 22.9 26.3 30 8.4 5.5 100 46.2 

a 
b. 
c. 
d. 
e. 

Measurements taken at the 10-meter level from the 61-meter meleorological monitoring tower. 
Total number of invalid and valid observations in this stability ciass were 0 and 3,988, respedively. 
Calms are distributed as per NCDC Star Deck procedures. 
Total percent for this stability class. 
Total percent relative to all stability dasses. 

Wind Speed (Knots) 

3.0 D 

3 1 . 9 9  

~ - 

N N N E  N E  E N E  E E S E  S E  S S E  S S S W S W W S W  W WNWNWNNW 

Wind Direction 
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Table C-5 
Wind frequency Distribution by Percent in 7991, Stability Class Eatb~C 

Wind Speed Classes (Knots) 

Wind a 3.0 -<6.Q 5.0-<10,0 j0.0-<16.0 16.0-<21.0 ,21.0 - C l a d  T U '  

N 
NNE 
NE 
ENE 
E 
ESE 
SE 
SSE 
S 
ssw 
sw 
wsw 
W 
WNW 
NW 
N N W  

0.5 
0.4 
0.3 
0.2 
0.2 
0.2 
0.2 
0.4 
0.3 
0.4 
0.4 
0.7 
0.6 
0.8 
0.4 
0.4 

3 
1.5 
1.3 
1.1 
1.1 
1 
1.4 
2.2 
2.5 
2.6 
3.5 
4.5 
4.4 
4.5 
4.4 
3.6 

3.4 
1.5 
0.9 
0.3 
0.4 
0.4 
0.7 
2.6 
3.7 
4.1 
5.9 
7.2 
4.3 
4.7 
5.2 
6.1 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

6.94 
3.3 
2.44 
1.59 
1.65 
1.55 
2 .n 
5.29 
6.49 
7.1 
9.76 

12.36 
9.28 
9.95 
0.98 

10.11 

2.54 
121 
0.89 
0.58 
0.6 
0.57 
0.81 
1.94 
2.38 
2.6 
3.57 
4.52 
3.4 
3.64 
3.65 
3.7 

All 6.3 42.6 51.1 0 0 0 100 36.6 

h 
b. 
c. 
d. 
e. 

Measurements taken at the 10-meter level from the 61-meler meteorological monitoring lower. 
Total number of invalid and valid observations in this stabiiity class were 0 and 3.159, respectively. 
Calms are distributed as per NCDC Star Deck procedures. 
Total percent for this stability dass. 
Total percent relative to all stability classes. 

Wind Speed (Knots) 

c 3.0 II 
15 

10 

5 

12.4  

9.3 

N N N E N E  E N E  E E S E S E S S E  S S S W S W W S W  W W N W N W N N W  

Wind Direction 

Figure C-5 Stability Class - E 
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Table C-6 
Wind Frequency Distribution b y  Percent in 7997, Stability Class Fe,blC 

Wind Speed Classes  (Knots) 

Wind 

N 
NNE 
NE 
ENE 
E 
ESE 
SE 
SSE 
S 
ssw 
sw 
wsw 
W 
WNW 
NW 
NNW 

& 

0.2 
0.6 
0 
0 
0.6 
0.2 
0.2 
0.2 
0.1 
0.4 
0.4 
0.4 
0.3 
0.4 
0.4 
0.7 

3.0 -<6.9 

1.5 
0.8 
0.6 
0 
1.3 
0.4 
1.5 
2.3 
6 
9.6 

142 
10.6 
15.7 
14.4 
9.4 
6.5 

6.0-<10.0 10.0-e16.0 16.0-e21.0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

a 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

- C l a d  

I .76 
1.37 
0.59 
0 
1.95 
0.59 
1.76 
2.54 
6.05 
9.96 

14.65 
10.94 
16.02 
14.84 
9.77 
7.23 

- Totale 

0.1 1 
0.08 
0.04 
0 
0.12 
0.04 
0.1 1 
0.15 
0.37 
0.6 
0.88 
0.66 
0.97 
0.9 
0.59 
0.44 

All 5.2 94.8 0 0 0 0 100 6.03 

a 
b. 
c. 
d. 
e. 

Measurements taken at the 10-meter level from the 61-meter meteorologiGil monitoring tower. 
Toial number of invalid and valid observations in this stability class were 0 and 521 respectively. 
Calms are distributed as per NCDC Star Deck procedures. 
Total percent for this stabiliy class. 
Total percent relative to all siabiliry classes. 

Wind Speed (Knots) 
< 3.0 m 
3.0 - < 6.0 

1 6  

- 
N N N E N E E N E  E E S E S E S S E  S S S W S W W S W W  W N W N W N N W  

Wind Direction 
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Table C-7 
Wind Frequency Distribution by Percent in 1991, Stability Class All aAtc9d 

Wind Speed Classes  (Knots) 

w 
N 
"E 
NE 
ENE 
E 
ESE 
SE 
SSE 
S 
ssw 
sw 
wsw 
W 
WNW 
NW 
"W 

a 
0.5 
0.7 
0.5 
0.5 
0.5 
0.5 
0.3 
0.4 
0.4 
0.4 
0.4 
0.6 
0.5 
0.7 
0.5 
0.4 

3.0 -<6.0 

2.5 
2.5 
2.4 
2.1 
2.4 
2.6 
2.5 
2.3 
2.2 
1.9 
2.7 
2.7 
2.9 
3.1 
2.8 
2.7 

§.0-<10.0 

2.8 
2 
t.1 
0.6 
0.6 
1 
I .5 
2.3 
2 
1.9 
2.5 
3.1 
2 
2.4 
2.6 
3.3 

10.0-<16.0 16.0-c21.0 

1 .l 0.1 
0.8 0 
0.2 0 
0.1 0 
0 0 
0 0 
0.2 0,l 
0.5 0,1 
0.4 0.1 
0.5 0.1 
0.5 0.1 
12 0.3 
2 0.8 
3.7 1.6 
1.8 0.6 
0.8 0.1 

_Classr Total' 
0 7.05 7.05 
0 5.98 5.98 
0 4 . 2  4.2 
0 3.27 3.27 
0 3.55 3.55 
0 4.1 4.1 
0 4.54 4.54 
0.1 5.57 5.57 
0 5.03 5.03 
0 4.77 4.77 
0 6.31 6.31 
0.1 7.9 1 7.91 
0.8 9.1 9.1 
1.3 12.92 12.92 
0.2  8.44 8.44 
0 7.26 7.26 

All 7.8 40.3 31.6 13.9 3.9 2.5 100 100 

a 
b. 
c. 
d. 
e. 
f. 

Measurements taken at the lbmeter level from the 61-meter meteorolqical monitoring tower. 

CaJms are distributed as per NCDC Star Deck Procedures. 
Joint Data recovery rate x 100 percent. 
Totai percent for this stability class. 
Total percent relative 10 ail stability classes. 

-Total number of invalid and valid observations were 0 and 8,631 respectively. 

Wind Speed (Knots) 

< 3.0 m 
3.0 - < 6.0 Ea 
6.0 -clO.O pJ 
10.0 - d6.0 
f6.0 - t21.0 
>21 .o 10 

7 
6 

4 . 2  
3 . 3  

- 
N N N E N E E N E  

5 

U 8.7 
n 

6 . 3  

11.7 
E 

9 . 8  9 .5  

8.3 

E E S E S E S S E  S S S W S W W S W  W WNWNWNNW 

Wind Direction 

Figure C-7 Stablllty Class - All 
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Appendix D 

ANALYTICAL PROCEDURES 

RA DIOL OGI CA 1 HEALTH (RH) LA 8 ORA TORIES 

RH Laboratories routinely perform the following analyses on environmental and effluent samples: 

1. Total Air Filter Counting (long-lived alpha) 
2. Gas Proportional Counting (Gross alpha and gross beta) 
3. Gamma Spectral Analysis 
4. Alpha Spectral Analysis (Plutonium-239, -238; Americium-241; Uranium-238, -233, -234) 
5. Beta Liquid Scintillation (Tritium) 
6. N,N-Dimethyl-p-phenylenediamine (DPD) (Chlorine) 
7 .  Atomic Absorption (Beryllium) 
8. Millipore Elmtion Method (Fecal and Total Coliform) 

Procedures for these and yses are described in the Radiological Health Procedures and Practices 
M u d  (WI82). The procedures for bacteria and chlorine analyses were developed following EPA 
guidelines. Soil procedures were developed following specifications set forth in Measurements of 
Radionuclides in the Environment, Sampling and Analysis of Plutonium in Soil, Nuclear 
Regulatory Commission (NRC) Regulatory Guide 4.5. All new procedures and changes to 
existing procedures must be thoroughly tested, documented, and approved in writing by the 
manager of RH Laboratories before being implemented. Environmental Management (EM) is 
notified of any major changes that could affect analytical results. All procedures are reviewed 
annually (or at any time an analytical problem is suspected) for consistency with state-of-the-art 
techniques. Copies of all procedures are kept on file in the office of the manager of RH Laborato- 
ries. 

Analytical Procedures 

Samples received for air filter screening are counted at approximately 24 hrs and then 48 hrs after 
collecdon. Samples exceeding specified limits are recounted. If the total long-lived alpha 
concentration for a screened filter exceeds specified action limits, the filter is directed to individual 
specifk isotope analysis and/or follow-up investigation to determine the cause and any needed 
c m c t i v e  action. 

All water samples, except those scheduled for tritium analysis, are poured into 1-liter Marinelli- 
containers and sealed before delivery to the gamma counting area. Routine water samples are- 
counted for approximately 12 hrs. Samples requiring a lower detection limit are counted from 16 
to 72 hrs. _. - 

_. 
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Soii samples scheduled for gamma spectral analysis arc kied, sicvtd rhrough a IO-mesh sieve, 
weiphed, and the fine portion is ball-milled. The fine ponion i!: then placed in a 509-millilirer iml) 
Marinelli container and counted for ;II least 16 hrs. 

All samples scheduled for alpha spcctrdl xalysis are analyzed i n  a similar rntliiner reprdlesb of 
n z + x .  Before dissolution, a known quantity of nonindigenous rrrdioacrive tracer is d d e d  to each 
sample. The tracer is used to determine the chemical recoven. for the analysis. Traccrs used 
include plutonium-236, plutonium-242, urmium-232, uranium-?.?(,, americium-233, and curium- 
244. The type and activity level of the uracer used depends on the type and projecred activiry level 
of the sample to be ana!yzed. All refractory or intrdctabie actinides are dissolved by vigorous acid 
treatment using both oxidizing and complexing acids. After samplcs are dissolved, the radioiso- 
topes of concern are separated from each other and from the matrix matend by various solvent 
exmction and ion exchange techniques. The purified rddioisotopes are electro-deposited mto stain- 
less steel discs. These discs are alpha counted for 12 hrs. If a lonver minimum delection limit is 
required, samples may be counted from 72 to 168 hrs, depending on the specific sensitivity 
requirement. Samples that exhibit a chemical recovery of less than 10 percent or greater than 110 
percent are automatically scheduled for reanalysis. 

Tritium analyses are routinely perfomied on specified environmental umer samples, as well as on 
suck effluent samples. Ten ml of the samples are combined with 10 rnl of liquid scintillation fluid. 
Effluent samples are counted for 30 minutes, environmental samples counted for 45 minutes. 

GENERAL LABORATORY 

The General Laboratory routinely performs the following analyses for environ % ental monitoring of 
plant effluent streams, process wastes, and soil residues: 

1. Metallic elements including tests for 19 cations by inductively coupled plasma spectroscopic 
techniques and 17 elements by atomic absorption S P ~ C U O S C O F ~  technique.: (including 
beryllium in airborne effluent sample filrzrs). 

2.  Oxygen demand test5 on water including total organic carbon, dissolved oxygen, chernicai 
oxvgen demand, carbonaceous biological oxygen demand, and biological oxygen demand (5- 
day Incubation). 

3. Nument tests including free ammonia, onho and total phosphate phosphorus, nimre, and 
ninare anions. 

4. Physical tests, including pH, conductivity, color, total dissolved solids, suspended solids, 
total solids, nonvolatile suspended solids, turbidity, and specific gravity. 

5. Soap residues (as alkyl sulfonate). 

6. Oil and ,pxise residues, by exrracrion and infrared or -ga\Gmeuic detection. ana by visual 
observation. 
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7. 

8. 

9. 

10. 

Specific chemical property or element including total hardness (2s calci um carbonate), 
alkalinity (as hydroxide, bicarbonate, or carbonate), chloride, fluoride, cyanide, sulfate, and 
hexavalent chromium. 

Radioactive species including gross alpha and beta by gas proponional dziec1jon; tri!iuni by 
liquid scintillsnon detection; total radiostrontium by 6Tavimetric seprualion followed by gas 
proportional detection. Isotopes of plutonium, amencjurn, and uranium are determincd by 
ion exchange and liquid exnaction techniques followed by alpha pulse height analysis. 

Volatile and semivolatile compounds from the EPA Contracr Laborarory Prosam (CLP) 
Target Analyte List are analyzed by gas chromatogmphy/mass spectrorneny. Phenols ais0 
are analyzed using spectrophotometry. Polychlorinated biphenyl compounds are analyzed by 
gas chromatography. 

Toxic Constituent Leaching Procedure (TCLP) exrractable metals and organics for compli- 
ance to land ban resmctions. 

Procedures for these analyses, developed by the General Laborator)' analytical technical staff, were 
adopted from EPA-approved sources or from other recognized authoritative publications where 
EPA-approved procedures were not available. Laboratory operauons procedures =e documented 
in a standard format, approved by the manager of the Rocky Flats Analydcal Laboratories, ana 
dismbuted to a controlled dismbution Iist to ensure that proper resting and approval i s  performed 
befare changes are adopted. The Analytical Laboratories Quality Assurance Plan requires annual 
review of procedures for consistency with state-of-the-art techniques and compliance of 
laboratory pracrice with written procedures. In addition, a review is performed whenever an 
analytical problem is indicated. 

An alytjcal Proced #res 

Water samples to be tested for chemical and physical parameters are preserved and/or refrigerated, 
when required. The tests performed include gravimetric, timmemc, calorimetric, chromatograph- 
ic, or electroanalytical methods, following procedures specified in the seventeenth edition of 
Standard Methods for the Examination of Water and Waste Water, Meshoak for Chemical Analysis 
of Water ana' Wastes, EPA-SW846, or other authoritative publications. 

All water samples analyzed for radioactive materials, except those scheduled for mtium analysis, 
are acidified immediately upon collection. 

Liquid samples received for gross alpha and beta screening are evaporated, and the residue is 
electroplated on planchets for gas proportional counting. When acriviries exceed acrion guidelines, 
notification is made, and reanalysis and/or investigation may be required. 

Tritium is measured using liquid scintillation counting. Counting efficiency is determined using a 
separately prepared vial to which is added a known standard mtium activity. 

Strontium is radiochemically separated from the sample matrix using precipitation techniques. 
Stron~um is deposired on planchets wirh a wnier element, and the activity in the sample is 
quantified using beta gas proportional counting. 



For some liquids such as machine oils, a specified volume is evaporited, ashed, and the salt 
residue is taken up in nimc acid for deposition onto the counting planchet. A correction factor is 
determined for each sample to account for self-absorption effects. 

Water samples to be analyzed for metal ions are preserved with nitric acid and are digested before 
being analyzed by atomic absorption or inductively coupled plasma (ICP) methods. Organic 
toxic species are determined by Gas Chromatopph/Mass SpectrometryData Systems following 
EPA protocol for volatile organics and semivolatile organics. Some organics, such as phenol, are 
determined by developing achromaphoric complex and measuring light absorption at a specific 
wavelength with a spectrophotometer. Measuring occurs after extraction into an appropriate 
solvent phase. 

DETECTION LIMITS AND ERROR TERM PROPAGATION 

Radioactivity Parameters 
_- 

RH Laboratories have adopted the following definition for detection limit, as given by Harley 
(HA72): 

"The smallest amount of sample activity using a given measurement process (i.e., chemical 
procedure and detector) that will yield a net count for which there is confidence at a pre- 
determined level that activity is present." 

The minimum detectable amount (MDA) is the term used to describe the detection limit and is 1 i 

defined as the smallest amount of an analyzed material in a sample that will be detected with a "j3" 
probability of non-detection (Type XI error), while accepting an "a" probability of erroneously 
detecting that material in an appropriate blank sample (Type I error). In the formulation below,- 
both a and j3 are equal to 0.05. 

Based on the approach presented in draft ANSI Standard N13.30, Performance Crireria for 
Radiobioassay (HE85) the formulation of the MDA for radioactive analyses is: 

MDA = 4.65 SR + 2.71/(TsE,Y) 
aV 

where SB = standard deviation of the population of appropriate blank values (disintegrations per 
minute, Urn) 

Ts = sample count time (minutes, m) 

Es = absolute detection efficiency of the sample detector 

Y = chemical recovery for the sample 

a = conversion factor (disinte,ptions per minute per unit activity) 
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(a = 2.22 disintegrations per mhure per picocurie [d/m/pCiJ when MDA is in units of pCi, and 
a = 2.22 x 106 disintegrations per minure per microcuries IdlmlpCi] when MDA is in  units of pCi) 

V = sample volume or weight (V=l if the MDA per sample is desired) 

The major component of the MDA equation is the variability of the blanks. 

Table D-1 shows the various formulas used for alpha data reduction during 1990. TabIe D-2 
shows the typical MDA d u e s  for the various analyses performed by the RH Laboratories. These 
values are based on the average sample volume, typical detector efficiency, detector background, 
count time, and chemical recovery. MDA values calculated for individual analyses may vary 
significantly depending on actual sample volume, chemical recovery, and analytical blank used. 

There are distinct changes in several detection limits reported for 1991 environmental analyses. A 
significant factor for these changes was the conversion of blank population statistical assessment 
and control to a “mmmed mean” approach (Encyclopedia of Statistical Science, Volume 9, Wiley 
and Sons, 1988). In the trimmed mean approach, a current population of blanks, used to correct 
analytical results, is limited to twenty blanks. What results is basically something between a 
moving average and a moving mean, which handles the non-Gaussian blank population more 
appropriately and is more responsive to current trends in the laboratory. 

Another factor, particularly for uranium-234, -238 analysis, is the change from use of uranium- 
236 to uranium-232 as an internal chemical yield monitor. The uranium-232, although possessed 
of a troublesome shorter half-life, has less intrinsic uranium-234, -238 contamination, resulting in 
a lower population blank and less variabiliry with attendant MDA improvement 

Non rudioac fivity Param e te rs 

For nonradioacrivity parameters, various means are used to estimate a minimum detection limit 
(MDL) depending on the parameter measured. MDL is defined as the minimum concentration of a 
substance that can be measured and reported with 99 percent confidence that the analyte con- 
cenuation is greater than zero and is determined from analysis of a sample in a given mamx 
containing the analyte. The MDL for beryllium in effluent air, analyzed using flameless atomic 
absorption spectroscopy, is based on a sample blank absorbance reading. Total chromium in 
effluent water samples undergoes a fourfold concentration of the received sample prior to its 
analysis using flame atomic absorption spectroscopy. Its approximate MDL is based on a net 
sample absorbance reading of 0.010. 

.:;The parameters of nitrate as N, total phosphorous, suspended solids, oil and grease, and total 
organic carbon have MDLs determined by procedural methods found in EPA-600, Environmenral 
Monitoring and Support Laborarory, Merhods for Chemical Analysis of Warer and Wasres 
(EPA87b). Biochemical oxygen demand and pH have MDLs determined by the minimal readout 
capabiliry of the instrumentation that is used. The MDL for residual chlorine is determined by the 
procedure found in a publication by Hach Company, DPD Method for Chlorine (HA83). For 
fecal coliform count, MDL is calculated as 4.65 times the standard deviation of the blank value 
from the millipore filter. 
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Table D-1 
Formulas for Activity and Uncertainty Calculations for the 

Alpha Spectral Analysis Systems 

Bon-Blank Corrected Sample Activity Blank Corrected SamDle Activity 

Bon-Blank Corrected Samole Uncertaintv' 

cei C sj 

T3 
- 

Blank Corrected Sarnble Uncertainty 

.- 

'Sample uncertainty is the propagated standard deviation of sample activity using counting statistics. 

Non-blank corrected activity of laboratory reagent blank lor isotope i expressed as picocuriies (fl) per unit volume. 
Non-blank corrected uncertainty oh)aboratory reagent blank expressed as pCi per unit volume. 
Sample activity tor isotope i expressed as pCi per unit volume. 
Sample activity uncertainty expressed as pCi per unit volume. 
Blank corrected sample activily for isotope i expressed as pCi per unit volume. 
Blank corrected sample uncertainty expressed as pCi per unit volume. 
Activity (dpm) of internal standard isotope j added to sample. 
Sample gross counts lor isotope i. 
Sample gross counts for internal standard isotope j. 
Detector background gross counts for isotope i. 
Delector background gross counts for internal standard isotope j. 
Sample count time expressed in minutes. 
Detector background count time expressed in minuies. 
Sample unit volume or sample unit weight. 
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Table D-2 
Typical Detection Limits for Radioactive and Nonradioactive Materials 

Minimum 
Detectable Activity 

Parameter lper s a m d  e) 

Airborne Effluents 
Plutonium-239,-240 5.9 x 10-8 pCi 
Uranium-234 1.3 x 10.7 pCi 
Uranium-238 1.4 x 1 6 7  pCi 
Americium-241 4.3 x 10.8 pCi 
Tritium (H-3) 2.1 x 10-6 pci 
Beryllium 2.5 x 1 6 1  pCi 

Ambient Air Samples 
P1utonium-239,-240 9.7 x 168 pCi 

Effluent Water Samples (Radioactive) 
Plu~onium-239,-240 8.1 x 10-8 pCi 

Uranium-234 
Uranium-238 
Americium-241 

0.15 x 10-6 pCi 
0.15 x 10-6 pCi 
62 x 168 pCi 

Tritium (H-3) 2.1 x 106pCi 

Soil--Samples (Radioactive) 
Plutonium-239, -240 0.03 pCi/gm 

E ffluenf Wafer Samples (&onradioactive) 
PH 
Nitrates as N 
Total Phosphorus 
Biochemical Oxygen 

Demand, 5-Day 
Suspended Solid 
Total Chromium 
Residual Chlorine 
Oil and Grease 
Fecal Coliform Count 
Total Organic Carbon 

Approximate 
Sample Volume 

pnalvzep 

7,340 m3b 
7,340 m3b 
7,340 m 3 b  
7,340 m3b 

1.41113 
7.340 m3b 

29,000 d c  

1 ,WO mi 
7.000 mi 
1 ,WO ml 
1.ooO ml 
1.OOO ml 
7.000 ml 

10 ml 

1-5 gm 

100 ml 
4d 

50 ml 

300 ml 
lWml 
lWml 
10 d 

1 ,ooO ml 
1WmI 
5d 

Minimum Delectable 
Activity 

@er unit volume or m a a  

0.008 x 1615 pCi/ml 
0.018 x lG-15 pCilml 
0.020 x l615 pCi/ml 

1,530 x lO-15 pCiml 
3.0 x 165 wIm3 

0.006 x 10-15 p C h l  

0.003 x lVl5 pCi/ml 

0.81 x 10-10 pCimc 
0.12 x 10-10 pCi/mlc _ _  
0 . 1 5 ~  10-9 pCi/mlc 
0.15 x 10-9 pCi/mlC 

0.62 x 10-10 pCiimlc 
0.089 x 10-10 pCimlc 

2.14 x 10-7~~iimic 

Miniumum Detection Limit 
0-14 SU 

0.02 mgA 
0.01 mgd 

5.0 mgA 
4.0 mgn 

0.01 mgA 
0.1 mgA 
0.5 mg4 

1 colony/lW ml 
5.0 mgn 

a 
b. Monthly composite. 
c. 

Volume analyzed is usually an aliquoted fraction of the total sample volume collected. 

Composite of two biweekly samples. 
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REPORTING OF MINIMUM DETECTABLE CONCENTRATION AND 
ERROR TERMS 

Plutonium, uranium, americium, tritium, and beryllium measured concentrations are given in 
this report. Mosi of the measured concentrations are at or \'cry near background levels, and 
often there is lirtle or no amounl of these materials in the media being analyzed. When this 
occurs. the results of the laboratory analyscs can be expected to show a statistical distribution 
of uosirive and negative numbers near zero and numbers that are less than the calculated 
miiimum detectabc concentration for the analyses. The laborstory analytical blanks, used to 
correc: for back-ground conmbutions to the measurements, show a similar statistical dismbution 
around their average values. Negative sample values result when the measured value for a 
laboratory analyrical blank is subtracted from a sample analytical result that is smaller than the 
analytical blank value. Results that are less than calculated minimum detectable levels indicate 
that the results are below the level of statistical confidence in the actual numerical values. All 
reported results - including negative values and values that are less than minimum detectable 
levels - are included in any arithmetic calculations on the data set. Reponing. all values allows 
all of the data IO be evaluated using appropriate statistical treatment. This assists in identifying 
any bias in the analyses, aUow better evaluation of distributions and trends in environmental 
data. and helps in esrimating the true sensitivity of the measurement process. 

The reader should use caution in intcrpretir?: individual values that are negative or less rhan 
minimum detectable leveis. A negative value has no physical significance. Values less than 
minimum detectable levels !ack statistical confidence as to what the actual number is, although it 
is known with high confidence that i t  is below the specified detection level. Such values 

seen as reflectinz a range - from zero to the minimum detectable level - in which the actual 
amount would likely lie. These values are significant, however, when taken together with 
other malyrical results that indicate that the distnbution is near zero. 

should not be interpreted as k i n g  the actual amount of material in the sample, bur should be i 

Emoi terms in the form of a+b are included with some of the data. For a single sample, "a" is 
the analytical blank corrected value: for multiple samples, "a" represents the average value 
(arithmetic mean). The error Tern "b" accounts for the propagated statistical counting 
uncertainty for the sample and the associated anal\*iical blanks at the 95 percent confidence 
level. These error terms represen: a minimum esrimate of error for the dxa. 


